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which is the key to the 
Co-ordinated Classroom 


Brightness Balance 


When the luminaire is too 
bright vou get harsh con- 
trasts in brightness between 
the luminaire and its back- 
ground. To control these 
contrasts and achieve ade- 


quate brightness balance, 


the selection of proper light- 
ing equipment is vital. This is Brightness Balance 


The Wakefield STAR is a luminous indirect fluorescent luminaire that 
provides a “smooth” distribution of light on horizontal, vertical and 


other plane surfaces well inside contrast tolerances of the eves—but 


with adequate modeling shadows for three-dimensional seeing. It has 
a translucent plastic reflector which distributes the light in such a way 
that the ceiling and the luminaire have approximately the same bright- 
ness. Thus the brightness ratio of luminaire to ceiling is -virtually 
unity. This is the special characteristic of the STAR which has resulted 
in its being consistently installed in Co-ordinated Classrooms as de- 


veloped by Darell B. Harmon. 


F Over ALL Lighting 


BASIC FOR COORDINATED CLASSROOMS 
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Westinghouse 


FIXTURE 
This “character” looks worried. He's ey 


ing lighting fixtures. But he won't find the 


answer in a magazine cutout. 

What's more, there is no single “cure-all” 
lighting fixture. You know that, of course, but 
how many others do? Each luminaire has a 
different purpose—a different application — 
and a different economy depending on specific 
conditions. 

Analyzing these conditions takes an expert. 


You need the services of a lighting engineer. P L A N N E D 
Whether you plan lighting, buy lighting, or L I G H T j N G 


install lighting, the services of a Westinghouse 


Lighting Engineer are available to you. 5.0421 PA YS 
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Litecontrol Fixtures 


Smart in A arance! Flowing of line and graceful, this new slimline 
if. , @. fixture by Litecontrol is ideal for good-looking installations in store, office, library, 


& i gt —TS— showroom or school. And so flexible in lengths, in mounting that it easily 
Se hits any room or ceiling height 
\ One Man Relamping! Becsuse 1 s designed tor easier maintenance, cleaning and relamp- 
) y AP ing can be done from the top. However, when required, baffle assembly is easily released by 
fS means ot the selt-retaining catches. Whichever way seems best, one man can do the job 


Built to Lasf! Like all Litecontrol fixcures, this new slimline 


unit has all chose features that spell longer lite. It's made of electro 


plated, zinc-coated steel, Bonderized tor paint adherence and rust 


protection. And it's tinished with an electrostatically - sprayed and 


/ baked coat that means unusually high light reflectance 


Easy to Install! juse bocace bxture body against stem or bracket weld bole and secure 
Wire, lamp, and slip battle assembly into place. Simple, two-piece construction speeds the ra 7 . 2 


entre assembly job 


Efficient Design! Ethaoency us excellent, for lamps are optically positioned with respect to high - reflectance 
wide-radius side rails. Battles offer minimum resistance to light passage yet ensure that desirable 35°- 25° cut-off 


CON 


KEEP UPKEEP DOWN 


Avoilable for 2. slimline lomos (56628) 2. 4 slimline (26624). and LITECONTROL CORPORATION, 36 Pleasant St, Watertown 72, Moss. 
for 2.4 Bipin tomes (54624) Use long short — single or double ENGINEERS AND MANUFACTURERS OF FL VORESCENT LIGHTING 
— of the special closeus corling EQUIPMENT ONLY THROUGH ACCREDITEO WHOLESALERS 
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DECORATIVE 3 EFFICIENT 3% ECONOMICAL 


Curtis SNO+ FLAKE presents an entirely new concept of design for indirect incandescent illumination. It come 


with many functional features. The SNO*FLAKE’S hich efficiency and cconomy in 


bines starthne beauty 
installation and maintenance make this excellent new unit ideal for school rooms, offices, stores, 


and other commercial interiors. The die-cast aluminum louver follows a pleasing geometric 
pattern that blends with any decorative scheme. Open top and bottom, this louver 
requires a minunum of maintenance. Original efficiency of the luminaire is 
regained with h relamping. The SNO*FLAKE utilizes cither 
100 or 900 watt silvered bow! lamos which assure the high 


demanded tor modern idlumunation, 
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A New Scale of Relative Footcandles for the 
Luckiesh-Moss Visibility Meter 


By MATTHEW LUCKIESH, S. K. GUTH and A. A. EASTMAN 


ARIOUS relationships may be obtained to 
correlate the fundamental factors of size 
brightness, brightness-contrast and time 
which combine to determine the degree of visibility 
of any object or visual task. These relationships 
may be used to establish a scale of footcandle-levels 
for various tasks which will provide a given degree 
of supra-threshold visibility. However, the direct 
application of these correlations requires a detailed 
analysis of each visual task to determine, for ex- 
ample, the critical size that must be discriminated 
and the contrast between the object and its im 
mediate background. This is difficult and often im 
possible to accomplish. Therefore, it is highly de 
sirable to develop a means by which any visual 
task, regardless of its complexity, may be evaluated 
and its degree of supra-threshold visibility with a 
specific illumination may be appraised. Further 
more, such a method should make it possible to 
determine the footcandle-level necessary to raise the 
visibility of the task to a desired supra-threshold 
value. A device which permits one to achieve these 
objectives is the Luckiesh-Moss Visibility Meter.’ 
The relative visibility scale of the meter is cali 
brated in terms of the sizes of a series of standard 
parallel-bar test-objects illuminated with 10 foot- 
eandles and viewed by an observer with average 
normal vision. In effect it is a transfer medium by 
which different visual tasks can be rated in terms 
of the visibility-levels of the standard series of ob 
jects. Units of measurement, of necessity, are de 
fined by arbitrary standards that are relatively 
simple and readily reproduced. This seale of rela 
tive visibility has been applied effectively in the 
study of the visibility-levels of many diversified 
tasks 
The present scale of relative footeandles of the 
meter was designed to enable the user to determine 
the footcandles required to raise a task to any de 
sirable and attainable visibility-level. The seale 
has proved somewhat difficult to apply and has 
been superseded by a family of curves relating visi 
bility and footeandles.?, While this was a practical 
step forward in making the visibility meter a more 
Mresxs Lecxresn, and FAstTMaN are connected with the 


Lighting Kesearch Laboratory of the General Electric Co. Nels 
Park, Cleveland, Ohic 
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for Visibility Meter 


useful instrument, it still left something to be de 
sired. A direct-reading seale that is based upon 
footeandle values would be more practicable in 
lighting practice. Fry*® has prepared an analysis 
of the Luckiesh-Moss Visibility Meter and has dem 
onstrated how such a scale can be developed from 
the characteristics of the photographie gradients 
The present paper presents the development of a 
scale of relative footcandles that is based upon the 
calibration data of the visibility meter and which 
ean be used with simple calculations without re 
quiring reference to charts and tables 

The new scale of relative footcandles is based 
upon the premise that the ratio of the footeandles 
for a specific visibility-level to the footeandles for 
threshold visibility will always be the same regard 
less of the task. The actual footeandle values for 
the threshold and the specific supra-threshold visi- 
bility-level are different for different tasks, but the 
footcandle-ratios are constant. In other words, each 
visibility-level can be specified by a corresponding 
footeandle-ratio or relative footcandle value 

The development of the new scale is illustrated 
by Fig. 1. The curve represents the relationship 
between visibility-level and footcandle-level for 
well-printed 8-point type when viewed by observers 
possessing average normal vision. The footeandle. 
level required by these observers to be able to barely 
read the specific 8-point type (printed with black 
ink on white paper) when viewing it directly with 
out the visibility meter is 0.01 footeandle, In other 
words, 0.01 footcandle is the absolute threshold 
footeandle-level for this particular visual task. The 
inner left-hand seale of Fig. 1 indicates the actual 
footcandle-levels required for the various visibility 
levels. The relative footcandles with respect to the 
threshold footeandle-level are indicated by the 
outer left-hand seale on which the threshold value 
has been given a value of unity. Thus, any supra 
threshold value may be expressed as being a specific 
multiple of the threshold footcandle-level. For ex 
ample, the footeandle-level necessary for a visibility 
level of 3 is 5.9 which corresponds to a relative 
value of 590. In other words, a supra-threshold 
visibility-level of 3 requires an illumination that is 
590 times the threshold illumination 

An alternate method of expressing supra-threshold 
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Figure 1 


footeamlle levels is represented by the right-hand 
ordinate of Fig. 1. This seal represents equal log 
arithmue steps above the threshold footceandle-level 


each unit corresponding to one log-evele of illumi 


nation. Thus 5.9 footeandles is equivalent to 2.77 
low-tnits above the reshold foot andle-level This 
may be stated as 10 or Of times the threshold 


footeandle level 


are tabulated in 


footcandles 
threshold illumination for various visibility-levels 
Table I 
The significance of Fig 
application to objects of other sizes is illustrated by 
the data of Table Il 
from the relationships between footcandle-level and 
visibility-level for a series of black parallel-bar test 
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1 and Table I and their 


These data have been obtained 
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The relationship between visibility-level and footcandle-level for 8 point type 
outer left-hand scale are relative footcandles above the threshold footcandle-level 
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The values indicated by the 
The right-hand ordinate represents 
equal logarithmic steps above the threshold footcandle-level 
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TABLE I.—Relative Footcandles for Various Visibility. 
Levels and the Number of Log-Units Each Footcandle- 
Level Is Above the Threshold 


Relative 
Pootcandles 


Visibility 
Level 


Log-Units Above 
Threshold 


objects ranging in visual sizes from one to 20 min 
utes when viewed against a white background 
They represent the logarithmic differences between 


the footcandle-levels required for successive visi 


TABLE Il 


Differences in Log-Units of Footcandles Above 


bility-levets of a specific test-object. For example, 


a 2-minute test-object requires 10 and 21 foot 
candles for visibility-levels of 2 and 2.5, respective 
lv. The difference between the logarithms of these 
Table Il illustrates that 


for a specific difference of visibility-level, the log- 


footeandle-levels O32 


unit difference between the footcandle-levels re 
quired for these visibility levels is constant for a 
wide range in the sizes of objects. This is evidenced 
by the small variation in log-units across any line 
of Table Il 

A visibility-level of one indicates that an object 
is just barely visible when viewed through the 
clearest portion of the gradients of the Luckish 
Moss Visibility Meter 
tion by this part of the gradient, the absolute 
threshold of visibility of the task when it is viewed 


without the visibility meter will be obtained with a 


Since there is some abserp- 


lower footeandle-level. From available data it: has 
been determined that the threshold illumination 
(footeandles) is approximately 0.64 log-unit below 
the illumination required for a visibility-level of 
one. The values in the last column of Table IT have 
been obtained by successive addition of the average 
values plus 0.64 and result in a series of log-units 
of illumination above the threshold footeandle-level 
for objects of various sizes. Comparing these values 
with those in the third column of Table I, it is evi 
dent that the latter may be used not only for the & 


point type, but for other visual objects and tasks 


The effect of various contrasts is illustrated by 
Table IIT, in which are summarized the logarithmic 
differences mn footeandles levels required for Visi 


bilitv-levels of 7 and & for objects varving in size 


Threshold Between Successive Steps in Visibility-Levels 


for Various Sizes of Black Test-Objects Viewed Against a White Background 


Visibility 
Level 


1050 1 Vew Seale for 


Visual Size of Objects, Minutes 


Meter 


Log-units 
Average above 
Difference Threshold 
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2 i 
10 4 
11 “ 
12 15 1.18 
13 23 1 
i4 “4 1.53 
3.5 47 1.467 
1.80 
1.7 a2 1.91 
- 10s 2.01 
19 125 2.11 
2.0 155 219 
22 217 2.34 
24 290 246 
264 geo 2.55 
Qe 2 4* 
4 10 590 2.77 
12 710 2.85 
2.92 
. 40 2.97 
45 1560 19 
4 5.0 1920 +28 
| 2300 136 
in 60 14 
7.4 3480 154 
ri 8. 4220 162 
. 90 5000 
10.0 8700 176 
40 9400 1 a7 
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LOG-UNITS ABOVE THRESHOLD 
as 2 25 3 
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' 12 i 2 4 6 8 620 
VISIBILITY -LEVEL Figure 2. Scales for converting visibil- 
ity-levels to relative footcandles and 
log-units above the threshold foot- 
RELATIVE FOOTCANDOLES candle-level. 
0 20 30 100 200 300 1000s: 2000 3000 10000 
12 ww 2 4 860 


VISIBILITY-LEVEL 


from one to 20 minutes and also varving in contrast 
from 5 to 95 per cent. The average log-difference 
is 0.08 with a variation from 0.07 to 0.10. There is 
no indication of a systematic variation due either 
to size or contrast. Similarly consistent data were 
obtained for other visibility-levels 

From Tables Il and III it is evident that the 
values in Table I are valid for a wide range of 
visual objects or tasks of different size and contrast 
The relationship between visibility and relative 
footeandles in Table I (or corresponding scales on 
the Luckiesh-Moss Visibility Meter) makes it pos 
sible to evaluate in terms of illumination (foot 
candles) the supra-threshold visibility of an exten 
sive variety of visual tasks. Thus, the footcandle 
level for a specific supra-threshold visibility-level, 
such as a visibility-level of 9, can be defined as 
being 5000 times the threshold footcandle-level or 
as being 3.7 low-units above the threshold-level 
Furthermore, such a table or seale permits ready 
‘aleulation of footeandle-levels necessary to obtain 
desired visibility-levels 

The determination of the footeandle-level re 
quired to obtain a desired visibility-level for a given 
visual object or task becomes a simple matter of 
determining how much an existing footcandle-level 
is above the threshold, and then computing the fac 
tor by which this existing footcandle-level must be 
increased in order to raise the object or task to the 


TABLE Ill 
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Differences in Log-Units Between Footcandle Levels Required for Visibility-Levels of 7 and 8 for Test 
Objects of Various Sizes and Contrasts 


desired supra-threshold visibility-level. For ex- 
ample, suppose that the observed visibility-level of 
a specific task when illuminated with 10 footcandles 
is 1.9. From Table I it is found that this visibility- 
level corresponds to a relative footcandle-level of 
128 or to 2.11 log-units above the threshold. It is 
desired to determine the footeandle-level that will 
raise the visibility-level of the task to 9, which cor- 
responds to a relative footcandle-level of 5000, or 
3.7 log-units of illumination above threshold. The 
ratio 5000/128 or 39 indicates the factor by which 
the existing illumination of 10 footcandles must be 
multiplied in order to raise the task to the desired 
supra-threshold visibility-level. Thus, in order to 
obtain the desired supra-threshold visibility-level 
of 9 it is necessary to provide 10 times 39 or 390 
footcandles for this specific task. The same result is 
obtained with the seale of log-units. The difference 
between 3.7 and 2.11 is 1.59 which is the number of 
log-units that must be added to the logarithm of 
the existing footcandle-level. In other words, 1.59 
added to 1.00 (the logarithm of 10) equals 2.59, 
which is the logarithm of 390 and the desired illu- 
mination is 390 footcandles 

Either the scale of relative footcandles or the 
logarithmic scale can be applied to the Luckiesh- 
Moss Visibility Meter. Both yield identical results, 
as is illustrated by the preceding example. It is 
evident that the scale of relative footeandles is con 
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TABLE IV.—Comparison of Log-Units of Illumination Above Threshold Footcandle-Level and the Relative Footcandles 
for Samples of Printed Matter (Black Print on White Paper) as Obtained by Direct Observation and by the Use of a 
New Scale for the Luckiesh-Moss Visibility Meter 


Log-Units Above Relative 
Threshold 
Visibility. Footcandle- Footcandle- New New 
Level Level Level Bcale Observed Boale 
455 


point type 10 0.022 
258 250 


6 point type 2 20 0.042 
Samples from three dictionanes 
Defined Words 

Sample 1 

Sample 2 0018 
Sample 3 0.024 
Definitions 

Sample 1 0 026 ‘ 290 
Sample 2 0.023 450 
Sample 3 - § 0.026 5 2 360 


0.036 240 250 
850 
4a0 


siderably easier to use, since it involves easily cal- 
culated ratios, whereas the log-unit seale involves 
odd exponentials. Scales for converting the present 
seale of visibility-levels of this visibility meter to 
relative footeandles and log-units above the thresh- 
old are presented in Fig. 2 

A further check of these new scales is presented 
in Table IV. These data were obtained by a skilled 
observer possessing average normal vision. The 
visibility-levels of several samples of printed mat- 
ter were determined when the samples were illumi- 
nated with 10 footeandles. The threshold foot- 
eandle-levels were obtained by reducing the illumi- 
nation to the point where the observer could just 
barely read the printed matter. The log-units of 
illumination above the threshold footcandle-level 
were obtained (a) by determining the number of 
log-units that 10 footcandles are above the observed 
threshold footcandle-level and (b) from the upper 
conversion scale of Fig. 2. For example, for the 
sample of 8-point type printed with black ink on 
white paper the difference between the logarithms 
of 10 and 0.022 is 2.66. From the upper conversion 
scale of Fig. 2, the number of log-units above 
threshold, corresponding to a visibility-level of 2.8, 
is 2.68. Similarly, the relative footcandles were ob- 
tained from the observed footcandle-levels and from 
the lower conversion scale of Fig. 2. It is seen that 
the ratio between 10 footeandles and the threshold 
footeandle-level of 0.022 is 455 which is in satis- 


factory agreement with the value of 480 obtained 
from Fig. 2 for a visibility-level of 2.8. The data 
obtained with other samples of printed matter in- 
dicate correspondingly good agreement between ob- 
served values and those obtained from the calibra- 
tion data of the visibility meter 

From the foregoing it appears evident that the 
new scale of relative footeandles is a convenient and 
useful addition to the Luckiesh-Moss Visibility 
Meter for determining footcandle-levels correspond. 
ing to desired visibility-levels. Also, when so de- 
sired, the visibility-level of a task may be expressed 
either in terms of relative footeandles above the 
threshold or as log-units above the threshold foot- 
candle-level. When incorporated in the meter, the 
new scale will require no charts or tables for its 
use. However, it still will be necessary to take the 
necessary precautions when using the meter and to 
apply the personal correction-factor to compensate 
for variations from the standard observer. These 
have been adequately described elsewhere.* 
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a In the Garment Industry 


The lighting of Saba of California, one of Los Angeles’ 
largest dress manufacturers, represents the results of a 
complete study by experts in several fields, of the indus- 
trial task involved 

The two cutting tables are illuminated by two-lamp 
industrial type fixtures mounted approximately four feet 
above each table in continuous rows. Each cutting table 
required 21 fixtures. Initial values averaged 100 foot 
candies, with shadows at a minimum 

In the operating department, machines are placed in 
lines of nine and eleven, depending on the physical layout 
of the department, and on American Safety Rules. Illu- 
mination is provided by continuous rows of two-lamp 
industrial type fixtures mounted approximately eight feet 
from the floor and spaced six feet between rows. Initial 
illumination value was 100 footcandles on the working 
surfaces. All supplemental lighting was removed 

The company reports production increases of 37.5 per 
cent, with greatly improved workmanship 


Industrial Lighting 


’ In a Motor Plant 


The McCulloch Motor Corporation of Los Angeles 
originally manufactured revolving blade lawn mowers, but 
has since expanded into many items utilizing gasoline 
driven motors. One of the special items of interest is the 
4-cylinder, 2-cycle, 65-hp engine of the aviation type 
used to drive the radio controlled target planes used by 
the military 

Lighting in the plant consists of continuous rows of 
four-lamp industrial type fixtures using 120-ma cold cath 
ode lamps. Spacing between rows is 10 feet and the 
mounting height above the floor is 11 feet. Average iilu 
mination level on the machines is 45 footcandles. The 
factory consists of three units 40 feet wide by 400 feet 
long. with a total area of 48,000 square feet. Approxi 
mately 600 fixtures are used in the plant, with an addi 
tional 400 used in the office and engineering units 
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In a Generating t 
Station 


The Harbor Steam Plant at Wil- 
mington, California, was relighted 
this year using a combination of 
mercury vapor and incandescent 
sources. The fixtures were mounted 
in pairs on the 49-foot ceiling. The 
generating station is 475 feet long 
by 100 feet wide, with no natural 
light available. Reflection factor of 
the walls is 70 per cent. Illumination 
values over the area average 35.6 
footcandles. 


Booth 


The “Sprayking” paint spraying 
booth at the Commercial Air Coadi- 
tioning Co., Los Angeles, features an 
interesting lighting solution. Some 
15 industrial type fluorescent fixtures 
have been mounted flush with the 
interior of the booth, with '.-inch 
wireglass lens. Each fixture is 
equipped with two 4500K white 
laiaps. Initial illumination on the 
working surface of a car being 
painted is 78 footcandles, with a 
maintained value of 62 footcandles. 
Several later models have been made 
having viewing windows along the 
sides, and with air filtering doors to 
relieve low pressure conditions set 
up by the exhaust fan, as well as to 
assure dust-free circulation of air. 


In a Paint Spraying > 
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commercially in 1956 


mercury lamps were introduced 
Some knowledge had 
that 


design, to utilize the high melting temperature of 


been accumulated at time about seal 


glass in making more concen 
Even 


then short are mercury lamps were being investi 


fused silica (quartz 


trated and more efficient mercury lamps 


gated, although limited to the low power of a few 
hundred watts ' 


Teehniques in making quartz mereury lamps 


were continually improved during the subsequent 


decade, as the familiar high intensity mercury 


lamps in sizes from 100 to 1000 watts were de 


veloped and applied to flood, industrial, and street 


lighting? These lamps were not designed for high 


brightness and had are lengths of one to five inches 


The desired feature in short are mercury lamps is 


brightness which achieved by shortening the 


are length and increasing wattage per unit of ar: 
length a hundred-fold. Short are 


1000 watts and higher 


mereury lamps of 
ratings were made experi 
mentally during the war by a number of lamp con 

Since 


panies in England, Germany, and Japan 


the war, the development of short are mercury 
lamps was resumed in this country 


The 


provide a new light source for such applications as 


intended purpose of the new lamps is to 


searchlights and motion picture studio lighting 


Quartz Bulb Design 


Fused silica is the material used for the en 


velopes as it is the only transparent material tested 
so far able to withstand temperatures exceeding 


1000°C with the high mechanical strength to con 


tain mereury pressure up to 150 pounds per square 


neh (10 times atmospheric pressure The bulb 


loading is usually 25 to 35 watts per square centi 


meter of bulb surface. It represents a compromise 


between deterioration of quartz when the loading is 
too high, and excessive running up time after lamp 


starting, if the loading is too low. This loading is 


two to three times that used for general lighting 


juartz mercury lamps where several thousand 


hours’ life is required 


Forced air cooling has been tried to permit 


uigher bulb loading but the cooling is often uneven 


man 


Short Arc Mercury 


Figure 1 


Lamps 
By GEORGE A. FREEMAN 


The development progress of short arc mercury 
lamps is covered in sizes of 5 to 10 kilowatts 
power and arc lengths of a half inch or less 
which have brightness comparable to high in- 
tensity carbon arcs. Data are presented on 
brightness, color, and distribution of light 
output. A pulse type of starting circuit is de- 
scribed that will automatically start and in- 
stantly restart lamps without relays or other 


moving parts 


resulting in bulb strains and failures. Free air 
cooling is used as it gives more dependable per 
formance 

The bulb for the 10-kilowatt lamp has a spherical 
shape, four inches in diameter with a heavy /y-inch 
thick wall. At the present time, the quartz bulbs 


are hand made requiring considerable skill 


Seal Design 


The necessity of providing lead-in conductors 
‘apable of carrying currents of 100 amperes or 
more into the quartz bulb imposed a major problem 
The 


very low 


coefficient of thermal expansion of quartz is 
only a tenth that of tungsten or molyb 
denum metal used as conductors. A special design 
that will not 


different 


is required cause excessive strain 


when such materials are hermetically 
sealed to each other 

The seal design, used until quite recently, con 
sisted of thin molybdenum ribbons sealed into the 
annular space between two concentric quartz tubes 
The ribbons are only a half a thousandth of an inch 
in thickness in order to set up the least possible 
strain in the surrounding quartz. Ten ribbons, each 
‘. inches in width, are spaced in the quartz and 
connected in parallel so that each may carry its 
proportionate share of the total current 


of Fig 


The lamp 


1 emplovs seals of this design 


7.5 kw a-c lamp with molybdenum ribbon seals. 
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Pigure 2. 400-watt type EH1 mercury lamp with molyb- 
denum ribbon seals. 


Another example of the use of molybdenum rib 
bon seals is in the 400-watt type EH1 mercury 
lamp, as shown in Fig. 2. They are used here to 
provide the dependability over the long life re 
quired for applications such as highway lighting 
Although the current is low enough in the 400-watt 
lamp to require no more than a single ribbon, one 
of the seals uses a pair of ribbons so that a lead-in 
is brought to a starting electrode as well as the 
main electrode 

The dependability of molybdenum ribbon seals is 
due to the fact that only two refractory materials 
quartz and molybdenum, are used which do not 
deteriorate in time from temperature or electrolysis 
effects as may happen with softer bead glass. For 
short are lamps, however, multiple ribbon seals are 
more complex and difficult to make as higher cur 
rent carrying capacity is desired. For this reason 
it was practical to consider other designs for carry 
ing currents over 100 amperes 

The short are lamp in Fig. 3 employs molyb 
denum conductors 44 inch in diameter which ex 
tend the current capacity to 300 or 400 amperes 
The new design is much more easily adapted to 
production line manufacture and can be made 
larger for still higher current if desired 


Electrode Design 


Concentration of high wattage in so small an are 
results in a very high temperature at the electrode 
tips. Tungsten is used because it is the most re 
fractory metal available However, its melting 
point of 3370°C is easily exceeded in attempting 


to obtain maximum are brightness. This fact puts 


Figure 3. 10 kw a-c lamp with '.-inch molybdenum rod 
seals 
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a ceiling on brightness until a more refractory elec 
trode material is developed 

The merit of a tungsten electrode is determined 
by its ability to conduct heat away from the elec 
trode tip. Operation of an electrode at its melting 
point results in very rapid blackening of the quartz 
envelope from tungsten evaporated from the elec 
trode tips. A compromise either in lower wattage 
or longer are length is made in a practical lamp 
design 

The electrode design in the 10-kw lamp of Fig. 3 
is made quite massive and proportioned to prevent 
too much shielding of the light output. Swaged 
tungsten is used to obtain high density for the best 
heat conductivity 

Short are mercury lamps can be adapted for a-c 
or d-e operation. Lamps for both types of power 
have been made. The 10-kilowatt d-c short are lamp 
in Fig. 4 has a relatively small cathode and a large 
anode. At the cathode, the emission of electrons 
has a cooling effect making a large mass unneces 
sary for dissipating heat. The reverse is true at 
the anode where electron bombardment has a heat 


Figure 4. 10 kw d-c lamp with '.-inch molybdenum rod 
seals. 


ing effect so that the anode must dissipate about 30 
per cent of the power input to the lamp as heat 
The electrode heat problem in the d-c lamp is 
eliminated at one of the two electrodes but it is 


multiplied by two in the other 


Arc Brightness 


High brightness is the essential feature for a 
lamp for optical projection work. The brightness 
values in Table I are expressed as the maximum 
brightness of the radiating surface in candles per 
square millimeter. This table gives representative 
figures for the short are mercury lamp compared 


with other types of available sources 


TABLE I.—Brightness Comparison of Various Types of 


Light Sources 


1 to 20 ¢/8q. mm 


Mediu pressure mercury 
Water cooled hig pressure mercury 200.300 
Shert are med pressure mercury 400 1000 
Hig! tensity carbon de are 00.1000 
an 1650 
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The relationship between brightness and are 


length obtainable from short are lamps operated 
between 5 and 10 kilowatts on alternating current 
is given in the curves of Fig 5. The practical 
brightness limit at the present time considering 
the rapid bulb blackening should electrodes become 
melted At this level 50 of 


is about 500 ¢ sq mm 


more hours useful lamp life may be obtained 
Fig. 6 shows a typical are brightness distribution 


for a 7.5-kilowatt a-e short are mercury lamp. Fig 


7 shows the spatial distribution of light output 


Color of Light 


The color of the heht output ms sit ilar to other 


high pressure mereury lamps with the usual strong 
mereury line spectrum and a background of con 
tinuous spectrum producing a bluish white appear 


ater It is well known that the continuous spec 


trum background becomes more pronounced as the 


pressure mcreased 


interest in the red region between 6000 and 7000 


This has been of particular 


\nestroms wavelenyth since neo strong mereurs 
lines exist there 
Table IL shows that the percentage of luminous 


radiation in the red region of short are mereurs 


TABLE II..-Comparison of Red Radiation of Various 
Light Sources 
Percentage 
of Luminous 
Mercury Output Above 
Lamp Type Pressure 6000 Angstroms 


20 


Vercury Lamps Freeman 


Figure 7 


A 
lal 
i 
23 
= 
j 
\ 
‘ 
6 
TERS 


Figure 6. Brightness distribution across the are of a 7.5 
kw short arc lamp 


lamps compares with other mercury arcs of much 
higher pressure. There is still a shortage of red 
output, however, as compared to other familiar 
light sources 

Cadmium and zine metals have been added to the 
mercury content to increase the red output since 
both these metals have spectral lines in the red re 
gion, Cadmium-merecury lamps having 10 per cent 
of the luminous output in the red region have been 
tested and found suitable for such applications as 
motion pieture studio lighting for color photog 
raphy. The color may not be quite suitable for 
some applications, as in color motion picture pro 
jection where the light reaches the eve, since it does 
have a green appearance 


Phosphors have recently been developed for ob 


| . 
24 ad 
| 
oS) 
j 
4 | 
36 24 12 36 90 
CANDLE POWER IN 

THOUSANDS 
60 24 60) 


45°) 


4s 3 ‘5 30° 


Spatial distribution of light output through a 
vertical plane from a 7.5 kw short arc mercury lamp. 
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taining a very pleasing color balance with 8 to 10 


per cent red output, from high pressure mereur)y 
The phosphor converts ultraviolet 


that might be wasted, to 


lamps output 
from the are otherwise 


radiation in the red region above 6000 Angstroms 


for short are mereury 


high 


for projection would be masked 


Phosphors are not suitable 
the are brightness 


Color 


lamps, however, because 
necessary 
correction With phosphors has the advantage of a 
slight 


lamps have 10 to 20 per « 


gain in efficiene) while cadmium-mereur) 


ent lower efficiency 


Starting Circuit 


the development of short are mereury 


to solve circuit difficulties 


During 
lamps it was necessary 


of a special nature The ability to start quickly and 
restart a hot lamp was considered necessary wher 
ever short are mercury lamps might be used. As ts 
well known, a high pressure merenury lamp will not 


the ballast 
hot from having just been turned off 


restart on usual transformer circuit 


while it os 
It is necessary to wat several minutes for a lamp 


LAMP AND STARTING 
BALLAST RESISTOR 
PULSE TR ANSFORVER 


revvvv 


Figure 8. Circuit for starting short arc lamps 


to cool Various meats have been proposed in 


momentarily but in 


which high voltage is apphed 


each case required a complicated cireuit with ses 
eral relays or other moving parts that require 


maintenance 


\ new circuit has been developed will start 


that 


or restart short are lamps automatically without 


relavs or other parts that would need frequent at 
The « 
of a spark gap os illator 
of high 


tention irenit is shown in Fig. 7 and consists 


and a pulse transform 


suceesslen frequenes pulses to 


to apply a 


The pulse oltave is about kilevelts 


the lamp 


which is sufficient to lonize mereury at 


pres 


power to pro 


There is sufficient momentary 
for the are to start 


sure 


essary conditions 


vide the mec 


instantly 


apRin, 1950 


The starting cireuit components are selected to 


so that when the are starts and 


be voltage sensitive 
across the lamp, the 


lowers the 
eireuit automatically deactivates itself. If 


thereby voltage 


starting 


a power Interruption extinguishes the are it would 


automatically restart the instant power was Te 


stored 
The « 
It can be 


ircuit as shown in Fig. 8 ts for an ac lamp 


used on a d-« lamp if alternating current 


is supplied to the starting eireunt 


of low power 


input 


Lamp Ballast 


perated from a 100. to 120-velt ac 


The 


souret 


lan in 


onnected resistor or resistor 


When the lamp ts warmed 


using Series 


plus reactance ballast 


up the are voltage Is between 60 and 75. However 
when the mereury are first starts the are voltage is 
10 or 15 volts. If the same ballast is 


is used during full operation 


double the op 


low, usually 


used for starting, 


eurrent may be nearly 


This ts desirable as it shortens the 


the starting 


erating current 


running up time to five minutes or less. Llowever 


for the power source and ballast to 


necessary 


of supplying the higher starting cur 


it is 


be capable 


rent. Otherwise, an adjustable ballast may be used 


if a longer running up time ts not objectionable 


Position of Burning 


The most favorable position of burning is with 


the elec trodes one above the other The upper ele 


trode disperses hot convection eurrents of mereurys 
preventing a concentration of heat on ans 


When the lamp is tilted or oper 


vapor 
spot in the bulb 

ated with the are horizontal, a luminous flame can 
hot stream of 


he seen indicating the existence ofa 
the are be over 


Th 
} 


heated in a small area above the are 


vapor rising from bulb may 


where the hot 


stream strikes it 


to deflect this stream 
The 


presence of a magnet 


It has been jrossi bole 


fielil luminous vapor 


by means of a magneth 


acts in the same way in the 


field as a metal wire carrying urrent A weak 


magnetic field passing bot ivontally through the are 


anvles tes the plane of the ele trodes and 


the apr stream an foree the stream down 


ward. The magnetic field is obtained with an elee 


tromagnet connected across the lamp terminals 


Fixture Design Requirements 
lamps, there 
The start 


In designing fixtures for short ar 


are several special factors to onsider 


ing crreuit components must be located within a 


few feet of the lamp to function prope rly. The high 


voltage pulse must be eonveved to the lamp re 
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TABLE III.Tentative Characteristics of 10 Kilowatt 


Short Arc Mercury Lamps 


Wattage 


watts 
Supply 120 Vat 
Rated sverege life hears $0 
Maximam are brightness (initial " 
Lumene initia 554 

Are length millimeters 10 

Are width to half brightness ( millimeters 

Bulb diameter nehes 4 

Masimam overall length ins hee 20 

Are voltage 607 

Are current (emperes 175 
Maximum eterting current (amperes 

Operating position Vertical * 
*("ther positions with magnet field or other te 


overheating quarts balb 


quiring insulation for 50 kilovolts that will with 
stand temperatures up to 200°C 

The lamp emits a large amount of ultraviolet 
radiation and produces ozone from the oxygen in 
The materials used in the 


The light must not 


the surrounding air 
fixture must be ozone resistant 
escape without first passing through glass to absorb 
radiations dangerous to the human body 

Since the internal 


mereury vapor pressure of 


the lamp is above atmospheric the possibility of 
Even though 


the fixture must 


violent failure must be considered 
the likelihood of a burst is small 
and retain the broken 


be able to withstand it 


quartz 

The existence of starting pulses of high voltage 
requires that the fixture be grounded or connected 
by means of condensers to one or both sides of the 
power line circuit, as shown in Fig. § 

The high 
starting current and the use of the new starting 


new current seals permitting high 


circuit, have made it possible to reach full bright 


ness fairly quickly. These improvements may make 


special arrangements for stand by, such as simmer 


ing enclosure, unnecessary 


Table IL] is presented as a summary of the im 


portant characteristics of 10-kilowatt short are 


The dev elop 


mereury lan ps as they stand today 


ment is progressing favorably toward commercial 


availability in the near future 


References 


‘ Apr “ 
Aldine N ‘ Part Transactions 
IIuminating Londen, pt ary 


om) Short Are 


Vercury Lamps Freeman 


Freeman®®*® 


with ead wided he reurv eontent 


DISCUSSION 
F. D. 
in the development of artificial lighting sources Mr. 


This paper records another milestone 


Freeman is to be highly commended for the research and 
larger 
capacity mereury lamp with better color distribution and 


development program which has produced a 
with instant start and restart 

In the paper presented by Edward B. Noel at the 
Boston meeting September 21, 1948, a request was made 
on the improved lumen output and performance of mer- 
eury lamps, which had been made during the preceding 
year. In discussing that paper, I stated that the lamp 
users desired an improvement in color distribution and a 
reduction of starting and restarting time 

It is very gratifying to see the large amount of work 
which has been done in the past year in improving these 
two characteristics of mereury lamps. This paper indi- 
cates that progress is continuing to be made in mereury 
light sources. Mr. Freeman and his company are to be 


commended for this progress 


2 


use for motion picture stage lighting as a supplement, 


The short are mercury lamp may find wide 


and as a replacement for the carbon ares which are now 
widely used for color, and in some cases, for black and 
white photography 

The present carbon are lamp is bulky, sometimes tem 
peramental in its burning, a possible source of noise and 
smoke, and requires close supervision while in use. A 
short-are mercury lamp ought to provide the desired 
basic simplicity of tungsten lamp operation which in- 
cludes remote starting facilities. reduced attendance by 
stage personnel during operation, essentially instantane- 
ous restart, no smoke and no noise. The new lamp 
should considerably reduce the stage and shop mainte- 
nanee now required with carbon ares, and their asso 
eated earbon feeds, motors, ete 

As a light source the new mereury are must have a 
which is satisfactory 


eolor for standard color photo 


graphic processes, which will require more green and 
red than has been available in the earlier types of mer 
eury ares, The useful light output of the lamp in its 


fixture must also exceed that of a standard type 150- 


amp high intensity d-e carbon are, and must also pro 
vide an even light distribution with simple spot-to flood 
control 

The mereury are also must be capable of burning with 


the light shining from almost straight down to nearly 


straight up. The physical strength of the lamp and its 
associated equipment must be capable of taking the nor 


mal handling abuse required during moves from stage-to 


stage and subsequent rapid installation and removal 


High wattage short are mercury lamps 
ippear 


Mr 
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Lighting an Eight-Lane Highway 


LIGHTING OBJECTIVE: To provide the proper quantity and distribution of illumination for safe visibility on the 
“world's busiest highway.” 


ALA. Pile No. 31/11 


Installation on New Jersey Route 25 near Newark Airport 


General ,Information: Referred to by the 
U. S. Bureau of Roads as “the world’s 
most heavily-traveled artery,” New Jer 
sey’s Route 25 through the Jersey City- 
Newark-Elizabeth sector carries daily 
averages of 60,000 vehicles with occasional 
peaks greater than 102,000. The highway 
is composed of twin two-lane express road 
ways with flanking double-lane roadways 
for local traffic. North and southbound 
express roadways are separated by a con- 
tinuous, raised, 16-foot-wide central island, 


while express and local unidirectional 


traffic are separated by two-foot reflecting 
curbs. Each two-lane paved roadway is 


approximately 34 feet wide 
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FOOT CANDLES ACROSS NORTH BOUND HIGHWAY 
‘SOUTH BOUND SAME AS NORTH BOUND) 
AVERAGE Fc NTENSITY = 0.526 


AVERAGE FOOT CANDLES ALONG NORTH BOUND HIGHWAY 
(SOUTH BOUND SAME AS NORTH BOUND) 
OVERALL AVERAGE F.C. INTENSITY = 0.526 


Installation: Westineg luminaires with #4117 refracto are mounted 2) feet 


pavement n Metal Desig Series #0400 standards agyver-spaced every S75 feet 
lam pes Double unit standards with 12-foot arms are 

single-lamp units located 2 feet, inches behind 

transverse distance between is 527 feet 


npere. series incandescent lamps. Light is asymmetrically 


tribution. Coefficients of utilization are O51 on the 


pposite 


Published by the Committee on Publications of the Illuminating Engineering Society 
)1 Madison Avenue, New York 10, New York 
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The Determination of Color 
Parameters of Fluorescent Lamps 


E HAVE available in our laboratory a 
spectroradiometer designed by Mr. 8S. L 
Parsons and constructed at the Sylvania 
Research Laboratories at Flushing, N. Y* This 
radiometer employs a Beckman spectrograph*® with 
an automatic slit width adjustment such that the 
exit slit has an effective width of 5 mu at all times 
A suitable measuring and recording instrument 
records the relative energy as a function of wave 
length of any luminous source irradiating the en 
trance slit of the spectrograph A reproduction of 
a typical fluorescent lamp curve drawn by this in 
strument is shown in Fig. 1 
As indicated in Fig. 1 the spectral energy dis 
tribution of a fluorescent lamp consists of two dis 
tinct parts: (I) a continuous speetrum which is 
due to the phosphor coating of the lamp, and (II 
the mereury line spectrum which is superimposed 
on the continuous spectrum. The z and y values 
for a continuous spectral distribution such as that 
due to (1 


Selected Ordinate method.* However, the mercury 


above can be easily computed by the 
lines, (11) above, contribute appreciably to the 
color of the lamp and must be taken into account 
in determining the color parameters Therefore, 
in order for the selected ordinate method to be used 
in this case, the relative energy of the mercury 
lines as recorded by the spectroradiometer as com 
pared to the recorded energy of the continuous 
spectrum of the phosphor must be properly evalu 
ated and integrated into the summations made in 
the 2 and y computation 

Mary I. Lord® treated the comparative evalua 
tion of the energy of mercury lines when they are 
present with a continuous spectrum. She used a 
double monochromator with fixed slit widths and 
arrived at the solution that the energy of the line 
equals the difference between the total energy and 
that of the continuum, multiplied by a function of 
the slit widths and linear dispersion of the mono 
chromator. She evaluates the above funetion for 
the three major cases of relationships between the 
various slit widths. No attempt has been made in 
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Color Parameters of Fluorescent Lamps 


By CHARLES W. JEROME 


It is frequently desirable to be able to compute 
parameters of fluorescent lamps for the I.C.I. 
color mixture diagram from their spectral en- 
ergy distributions. A search of the literature 
for such a method has proven fruitless. Conse- 
quently, a method has been evolved and is de- 
scribed herein. A comparison is made between 
the values of several lamps so measured with 
their values measured on a four filter colorime- 
ter' and with values determined by the National 
Bureau of Standards, and Electrical Testing 
Laboratories. 


the following discussion to evaluate the correspond 
ing function for our instrument but it has been 
combined into one ‘‘instrumental constant,’ K, In 
determining 2 and y values this constant cancels 
out and hence its evaluation is not necessary 

In order to evaluate the relative recording of the 
mereury lines and the continuous spectrum, It 1s 
necessary to consider the passage of light through 
the spectrograph in the two cases. In either case, 
the optical system of the spectrograph forms an 
image of the entrance slit in the plane of the exit 
slit. Consider first the case of monochromatic radia 
tion and the prism so oriented that the image of 
the entrance slit is immediately adjacent to, but 
wholly outside of the exit slit, te, no radiation ts 
passed by the latter. If both entrance and exit 
slits are the same width, as for the Beckman, the 
center of the image will be at a distance, d, from 
the center of the exit slit, where d is the width of 
the slits expressed in effective wavelength units 
As the orientation of the prism is now changed, a 
small portion of the entrance slit’s image will be 
passed by the exit slit and will be picked up and 
measured by the phototube. This will increase 
linearly until the center of the image corresponds 
to the center of the exit slit at which setting all the 
energy of the image is passed by the exit slit and 
measured by the phototube. Thereafter, as the 
image passes on out of the field of view of the exit 
slit less and less of the image will be passed and the 
recording will decrease to zero again when the cen 
ter of the image is at a distance, d, from the center 
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for monochromatic ra 


Therefore 


of the exit slit 
diation, the peak recording is a true measure of the 
relative energy contained therein 

When a continuous spectral radiation illuminates 
the entrance slit, for one wavelength all the energy 
will be passed by the exit slit. However, there will 
also be adjacent wavelengths a portion of which 
will be passed by the exit slit and contribute to the 
response of the phototube The amount of these 
adjacent wavelengths passed will be directly pro 
portional to the difference between their wave 
lengths and that for which the spectrograph 1s set 
becoming zero at wavelengths, / d. Therefore 
if the amount of radiation passed by the exit slit is 
plotted as a function of the wavelength, an isosceles 
triangle results with the apex at the wavelength, 
for which the spectrograph is set and beimg 2d 


wide at the base. where d is the effective slit width 


The phototube intevrates all this radiation hat 


m. its re sponse 1s proportion al to the area under 


this curve which is 2d a ad, where a is 

the altitude of the triangle, or the energy per unit 

wavelengt! 
Therefore, a 


radiation which has an energy per millimicron 


continuous spectral distribution of 


equal to that of a monochromatic source €.d.. 
mereury lines, will give a reeording 5 times as 
yreat as the monochromatic source when the slits 
wed are 5 millimicrons wide Therefore, in the 
ease of the curves drawn by our radiometer for 
the mercury lines to be placed on an equal footing 
with the recorded 


ontinuous spectrun their 


heights over that of the continuum must be multi 
plied by 5 

In the selected Ordinate method of + and y com 
essive intervals, AA, are chosen such 
that et in a 


1) ordinates are used each of these produ ts is 


rutation stir 


onstant In the case where 


equal to 3.5600 when A is in millimicrons. Expressed 


in equation form 


For a mercury line to be ints the sun 


mations used in the computation of ind y, its 
recorded energy not only must be multiphed by 5 
but also it must be considered as spread evenly 
wer the interval of AA in which it occurs. That is 
ts energy must be divided by the appropriate J 


The resulting value can then be added directly to 


Parameters of Fluorescent Lamps 


TABLE 1.—LC.1. Tristimulus Values, and Modifications 
at Wavelengths of Mercury Spectrum 


y 
Sa, Se 
im) y 3.56 3.56 3.56 
‘ 2 ‘ 1553 
‘ 6s ‘ 45% 2 2.2673 
‘ ‘ 2 138 i73 


the summations of the selected ordinates for the 
‘ontinuous spectrum. Therefore, the quantity to be 


added is 


DR DK, ta 


MA 1560 


with similar expressions involving y, and 
Sy 
Since the expressions . and 


3.560 3.560 
occur continually in computing the mercury line 
color contribution, they have been evaluated for 
each of the four wavelengths of the mercury lines 
involved and are given in Table I. For convenience 
the notation 7, y, and respectively have been 
adopted for these quantities 

The mercury lines’ intensities for normal fluores 
‘ent lamps vary over a rather narrow range. There 
fore, when a large number of curves are to be mea 
sured it would be convenient to prepare a table of 
Rugy, and-R overing the range of in 
tensities normally encountered 
the z and y 
values of the lamp whose spectral energy distribu 


| silly the method outlined above 


tion is shown in Fig. 1 may be computed 


Using the appropriate 30 selected ordinates, the 


| 
N 


Spectral energy distribution. 40-watt T-12 
fluorescent lamps, 6500° daylight. 


Figure 1 
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following summations for the continuous spectrum 
due to the phosphor are found 


xX, S080 
¥, = 8752 


Z, = 923.4 


The mercury line intensities recorded above that 


of the continuum are 


45.6 
Rass 102.2 
49.9 
10.5 


Using these values, the products Ry pF, ete. are 


mu Ry Ry 
405 1.6 7.5 
435 46.9 2.4 2317 
46 27.6 69.0 9 
578 13.1 13.1 


Totals 89.2 84.5 240.1 


Therefore, for the lamp 


Y, Y, + Yu, 875.2 + 84.5 959.7 
Z; Zp + Zug 923.4 + 240.1 1163.5 

Totals 4 413.8 3020.4 


3020.4 


959.7 = 
317 
3020.4 


If so desired, the color parameters of the phos 


phor or those of the mereury lines alone can be 


determined from the data above 


For the phosphor alone 


310 
Up 336 


For the mercury lines alone 


Ing 215 
Yn 204 


The color parameters of this lamp as determined 


on a four-filter colorimeter are 


315 


The difference between the computed point (.297, 


317) and that determined by the colorimeter (.315, 


338) is much greater than can be explained on the 


basis of any normally expected errors involved in 


either the measurements by the colorimeter or in 


the method used in the computation. It is further 


observed that in measurements on a large number 


1950 


of lamps the deviation is quite constant. 


Tables II, II], and IV 


(See 


This led to an investiga- 


tion of possible variations in the method of compu- 


TABLE Il..Deviations from Measured Values of 
Computed Color Parameters of Fluorescent Lamps 
Computed— 
Deviations from Measured Values 
Measured with = Decreased 15% 
Watt’ * \y As Ay 
ne il + 006 
aca a7 + 006 
73 2 +018 
Average Deviatior os 
20 Watt+ 
17 238 4 +.002 
184 187 
230 38 002 + O16 
Average Deviation 7 i 010 + 006 


*Va 


TABLE 


Measured* 


see Measured by National Bureau of Standards 


108 Measured by Electrical Testing Laboratories 


Deviation from Measured Values 
Computed Color Parameters of 40T12 
Fluorescent Lamps 


Computed - Deviations from Measured Values 


\y Ac 


‘4 ia 2 
17 ‘ 2 wl 
411 1 

7A aia 
‘ aor 

413 402 ? 004 
Average Deviation if 


*Values measured on Four Filter 


Measured* with « Decreased 15% 
241 291 i 005 + O11 
28 10 0138 +012 

2¢ 15 00% + 008 
17 Be 27 f 007 010 
417 i4 ol ol 
He 62 + 009 
142 17 2 002 + 
171 175 12 006 + 016 
193 1 002 +007 
198 hia oot +015 
+7 16 +003 
409 0 + 006 
‘ af 12 001 + o18 
4 “a +o14 
aia soa 1 i 0 + 002 
aif ‘ +017 
¢ + OOF 
aa 07 + 004 
Average Deviation 4 t + 001 + 008 

*Values measured Four Filter Colorimeter prior to adjustment 


TABLE Iv. 


Fluorescent Lamps 


with = Decreased 15% 


Ay 


oos8 
001 
001 
005 


004 
003 
005 


007 


003 


Colorimeter after adjustment 


Deviations from Measured Values of 
Computed Color Parameters of 40T12 


Computed - Deviations from Measured Values 
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tation to see whether this difference eould be de 


creased. Other multiplying factors for the mereury 
lines were tried without any success 

Since the calculations on a majority of the lamps 
gave 7 and y values too low, and low by approximately 
the same amount, this suggested the possibility that 
A little ex 


perimentation showed that if Z were decreased by 


the value for Z obtained was too high 


15 per cent, values of 7 and y were obtained which 
were in much closer agreement with the measured 


values. Assuming that this is the proper correct 


ing faetor, it indicates that the spectroradiometer 
cent high in the blue end of the 
which the 
that 


method of this calibration is 


is recording 15 per 


spectrum. In view of the manner in 


radiometer iw calibrated, it is quite possible 
this error exists. The 
to place a standard tungsten filament lamp whose 
front of 


ape tral energy distribution tw known in 


the entran slit of the radiometer and then cut a 


cam to rotate between the exit slit and the 


tube 


photo 


and varving in such a manner that the re 


cording apparatus will give a faithful rendition of 


the known energy distribution of the lamp. The 
cutting of this cam is an extremely delicate opera 
tion and readings within «+ 1 seale division full 
scale 100 divisions) are usually considered satis 
factory. With the recorder operating near its maxi 
mum deflection this variation: does not introduce 


an appreciable percentage error. However, the 


eopsspon of the tungsten filament decreases rapidly 


t .ards the blue ead of the spectrum and starting 


a 100 units at 6S0 millimicrons it decreases to 16 


» its at 445 millimicrons, the point at which 2 is 


owes 
st 
as do 
Figure 2. LC.I. color mixture diagram. 
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ata maximum. At this point a variation of 1 scale 
division introduces an appreciable percentage error. 
The color parameters of the lamps listed in Tables 
If, Tl, and IV were also computed with the Z 
summation decreased by 15 per cent and the results 
The caleulated points for the 
lamp of Fig. 1 by this procedure are shown plotted 


are listed therein 
in Fig 2 As would be expected, the computed 
points for the phosphor, mercury lines, and lamp 
fall along a straight line with the lamp between the 
other two points. An error in the calibration of the 
radiometer, then, can explain the greater part of 
the differences observed between the measured and 
calculated values 

Ilowever, there are other factors contributing to 
deviations between measured and calculated values 
as evidenced by the variation from lamp to lamp in 
the deviations given in the Tables. The four main 
factors which may contribute to this discrepancy 


are 

1. Operation of the lamp on different ballasts 
Errors inherent in the Seleeted Ordinate Method 

}. Errors inherent in the four filter colorimeter 


4. Other errors inherent in the spectroradiometer 


found that 
varying the current through a fluorescent lamp will 


Concerning (1) above, it has been 
shift its color parameters through a small gamut 
By such a procedure, the color of the lamp of Fig 
1 was shifted from its point for normal operation 
410 ma } 
23: 341 


ent ballasts will not vary 


of 315; 337 to 324; 336 for 150 ma and 
for 750 ma. Since currents from differ 
as much as the extreme 


range chosen here, the color shift due to this cause 


will be proportionately smaller. However, a small 
part of any discrepancy between the caloulated and 
observed points can be accounted for by a possible 
difference in drawn by 


current the lamp during 


the measurements. During measurements with the 
spectroradiometer, provision is made for feeding a 
constant voltage into the lamp and for maintaining 
the current constant. The current for every lamp 
at the 


olor measurements 


of the measured Is 
There fore 


by the method deseribed herein are free 


same size 


maintained 
specified amount 
from this 
source of variation and lead to more reproducible 
results than has proved to be the case with the 


colorimeter 


Errors inherent in the Selected Ordinate method 


of integration become important only when there 


is an extreme and rapid fluctuation in energy 


throughout the spectrum. This does not occur with 
the phosphors normally used in present day fluores 
ent lamps. The method deseribed herein for inte 


vrating the mercury lines into the selected ordinate 
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summations of the phosphor ts not part of the 
Selected Ordinate Method but merely a conversion 
of data to allow its inclusion in that method. Con 
sequently, it Is believed that errors due to the 
Selected Ordinate Method do not « mtribute in any 
appreciable degree to the observed discrepancy 
The errors in color coordinates determined by 


the colorimeter as stated by Dr. Barnes in his 


paper’ were OO1 in + and O02 in y for day 


light lamps Also the exp ted errors vary con 
siderably for other colors llowever, when the 
colorimeter is used over long periods the transmis 
sion characteristics of the filters may chang and 
the shutters shielding the photo ells may be jarred 


out of posthen and the resultant errors ma) tne 


considerable. Also, the sermsithy itv of the photocells 


is subject to change with time and may contribute 
to the error. For example, the colorimeter used in 
our plant was re ently readjusted. A. comparison 
of ealeulated and observed values showed wider 
before the adjust 


Tables 


variation and less consistence) 
nent than has been the ease sitet ser 


tit and IV 


\ further diserepanes introduced im measure 


ments by the eolorimeter 1s due to the photocell 

filter combinations used not giving true replicas of 
the 7. y. and 7 functions which they approximate 
This is overcome in part by calibration of the im 
strument with standard lamps whos olor parame 


ters have been determined by another means 


These lamps are then measured on the colorimeter 
and correction factors applied to the readings to 
make the latter agree with those determined as 
true. These correction factors are appre: iable and 
vary widely for different regions of the LC.1. color 
mixture diagram. For example, the following are 


typical correction factors for white and davlight 


lamps 


White 


Davlight 


Therefore, when measuring lamps whose colors 


differ somewhat from those of the standard jamps 
an unknown variable is introd wed since the true 
vorrection factors are hot known. Also, in some of 
our experiments, it has been found that lamps wit! 


different spectral energy distributions arising fron 


different neredtents being wed require different 


correction factors, hereas the n ethod cles ribed in 


this paper gave results which placed the various 


lamps tested] in their proper relative position 


om parison regardless of the 


determined by \ istial 


relative shape of the spec tral energy distributions 


Therefore, for the uitimate accuracy to be obtained 


with the colorimeter t must be alibrated with 
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lamps whose color parameters are known, whose 


color closely approximates that of the lamp to be 
measured, and whose spectral energy distribution 
has the same relative shape 

The diserepaney caused by the lack of corre 
spondence between the photocell and filter combina 
tions and the true y» and = ean be shown by a 
comparison of measurements of the contribution of 
a typical mereury line spectrum found in a fluores 
cent lamp by the two methods. In these measure 
ments the recorded heights of the mercury line (a 
true measure of their relative intensities) are mul 
tiplied by the values of 7, ¥, and z at the corre 
sponding wavelengths for one measurement, and 
by the corresponding sensitivity of the photocell 
ombinations for the other The complete 
Note 


combinations have been ad 


and filter 
aleulation is shown below The values for 
the photocell and filter 


justed so that SE are equal in both eases 


r Photocel Filter True Values of 


‘ 


This choice of a line spectrum for this example 
exaugerates the discrepaney In the colorimeter 
an effort has been made to balance discrepancies in 
one spectral range with discrepancies of the oppo 
site sign in other regions, However, this discrep 

anev between the true 7 ¥ and = and their filter 
photor ell counterparts can be important even with 
a continuous spectral distribution, since a balance 
can be thus made for only one spectral distribution 
and will be thrown off for distributions whieh vary 
from the balanced one. Present day fluorescent 
lamps do vary considerably in spectral distribu 
tions from one whose major energy Is in the blue 
eg. davlight, to one the majority of whose energy 
is in the red, e.g.. warmtone Consequently, the 
ibove ealeulation ts given an indication that this 
lifference be 


tween calculated and measured values and is par 


discrepaney im ontribute to the 
ticularly important when measuring lamps whose 
spectral energy distribution has a different shape 
than that with which the mostrument Is calibrated 

A possible error contributed by the radiometer, 
ther than that of calibration discussed above, re 
sults from a Variation in the zero reading, te., the 
height of the recorded curve may be one or two 
nits high or low. This variation ts normally in the 
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form of a drift which is slow enough so that the 
error involved remains reasonably constant during 
the time required to make a curve. This error is 
minimized by adjusting the zero reading prior to 
running each curve. Assuming such an error it is 
variation on the color 
parameters caused thereby. For example, for the 


first lamp listed in Table I], it was found that a 


possible to compute the 


variation of +1 unit in the height of the curve 
throughout the recorded spectrum caused a« varia 
This 


variation in zero setting is typical of the amount 


tion of 0007 in both color parameters 
of adjustment which has been found necessary in 
the operation of the spectroradiometer and the re 
sulting errors in z and y are, therefore, also con 
sidered to be typical of those resulting from this 
cause. The magnitude of these errors is seen to be 
negligible when compared to the usual discrepancy 
between calculated and measured values 
been described 


then, there has 


herein a method of computing the color parameters 


In conclusion, 


of fluorescent lamps from their spectral energy dis 
tributions. It is believed that this method is freer 
from day to day variables than beset the use of the 
four-filter colorimeter and with a more careful 
grinding of the calibration cam of the radiometer 
will vield a more rigorous method with which more 
consistent results can be obtained than is possible 
with the colorimeter. The latter instrument will un 
doubtedly continue to be the one used for produce 
tion control whereas, the method described herein 
will find its principal use as a check on the colori 
meter when errors in its adjustment are suspected 
light 


measured on the colorimeter 


and for the measurement of the color of 
sources not readily 
I would like to express my appreciation for the 
many helpful suggestions and discussions of Dr 
E. F and Dr. K. H. Butler 
tributed materially to the writing of this paper. I 
am also indebted to Dr. E. T 
Electric Co., and to Dr. L. E 


Bureau of Standards who 


Lowry which con 
Barnes of the General 

Barbrow of the Na 
tional very kindly re 
viewed the original manuscript and pointed out 


certain discrepancies therein 
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typical fluorescent lamp was modified point by point 
including the mereury lines for the difference between 


the rad 


thon cam could 
parameters of the modified eurve differed from 


the original 
necessitated by the 
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ADDENDUM 


Since preparing the foregoing article, considerable 
work has been done on the preparation of a new calibra- 
tion cam for the radiometer with a higher accuracy than 
the old one 
the standard lamp drawn by the radiometer with the 


The spectral energy distribution curve of 


new cam shows a close agreement with the spectral 
energy distribution of J/luminant A, which has the same 
(See Figure 
Al) The color coordinates of the lamp as computed from 
AAT, 409; those of Illuminant 
A as set by the International Committee on Illumination 
are: z AAS, uv 408. These data indicate that with 
the new cam, the calibration of the radiometer is suffi- 
ently aceurate for the present use 


color temperature as the standard lamp 


this curve are: z 


ENE RGY 


RELATIVE 


400 440 480 520 560 600 640 
WAVE LENGTH - MILLIMICRONS 
Figure Al 


As a further check on this assumption, the curve of a 


meter’s curve for the standard lamp and that 
tf Iluminant A. That is, the fluorescent lamp curve was 


to what it would be if a perfectly eut calibra 


be obtained and used. The computed color 
those of 


body by only +.001 in both x and y 


A further change in the calibration of the radiometer 


new absolute temperature scale 
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TABLE AI.—-Comparison of Computed and Measured Color Parameters of Fluorescent Lamps 


343 
426 


Average lreviations 


which has been adopted. The magnitude of the resulting 
change in color parameters is approximately +.002 in z 
Therefore, the present calibration of 
003 in 


and +.001 in yw 
the radiometer gives an error of approximately 
z and —.002 in y. However, the change in temperature 
seale does not enter into consideration in the present case, 
since the measured values are on the basis of the old 
temperature scale. 

Using the new calibration cam spectral energy curves 
were determined for three lamps whose color coordinates 
had been determined by the National Bureau of Stand 
ards by visual comparisons, and for four production 
lamps whose color parameters had been measured on the 
Barnes Colorimeter using the Bureau of Standards lamps 
as calibration standards. The color parameters of these 
lamps were computed from the curves and the compari- 
son of results with the old and new cams is shown in 
Table AI. The relationship on the ICI color mixture 
diagram between the new computed values for the mer 
eury lines, phosphor and lamp and the measured values’ 
are shown graphically in Figs. A2 and A3. 

There has been some evidence gathered in recent years 
that the color sensitvity curve for the “Standard Ob 
server” fails to represent normal observers satisfactorily 


Computed 


in the blue end of the spectrum, the normal eye being 
more sensitive in this region than given by the accepted 


eurve 


Consequently, color comparisons made by visual 


methods will tend to suppress the amount of blue com 
ponent needed for a match thereby giving color parame 
ters which are too high in x. The final deviations of 
computed values from those measured as given in the 
table above show this type of deviation, é¢., the com 
puted 2’s are in general slightly lower than the measured 
values. 

Dr. D. B. Judd has indicated in a private conversation 
that visual measurements of several observers at the 
Bureau of Standards on a single lamp may vary by as 
much as .005 in both x and y due to slight differences in 
the color sensitivity of the various observers. The devia 
tions of the majority of the computed points of the 
lamps in the above table from their measured values 
approximate this deviation which is taken to be the best 
agreement that can be expected 

These data are offered as evidence that reasonably 
close agreement can be obtained between color parame 
ters computed by the method described in this paper and 
those measured by the Barnes Colorimeter using stand- 
ards whose z and y values are set by visual measure 


ments 


Tien Lamers 
O Computed 


+ Barnes Color. mates 
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Lamp Mo. Ba. Stas. Old Calibration Wew Calibration 
332 298 316 O16 006 voe 
2 365 366 146 355 — O11 350 360 — 206 
3 400 386 386 008 391 gat 009 +.001 
Barnes { 
‘ 309 337 391 317 os 020 soe 330 005 007 ‘ 
5 351 365 258 008 007 352 +.001 +002 
400 soa ois Sea 397 006 001 
? 436 402 4038 010 427 408 009 +.005 
om 012 007 —.001 43 
* 
— 
. - 
#0 ‘ 
? 
Computed 
as so $5 as fo ad 
x 
Figure A2 
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which comes to mind, which may account for some or al! 


of the outstanding differences in results, is stray radia 


L. Mr. Jerome has dexeribed in this paper tien. In single priem rediometer, this in possible 
an objective method for determining the chromaticity eo ouree of error whieh bears investigation 
ordinates of fluorescent lamps. The correlation betweer 
the results which he obtains objectively and those ob (. W. Jewowe* Im the paper referred to by Mr. Bar 
tained visually on the same lamps is not too good, bat Lrow (“Differences Between the International Tempera I 
vet it om close enough to make it diffieult to assien the ture Seales of 1948 and 1927" bw Robert J. Corruceimm, 4 
existing difference to either of the two methods Research Paper RP2014, Vol. 42, August 1949, NBS y 7 
It should be pointed out that a change which has been Journal of Research) the temperature corresponding te 3 
made im the color temperature seale will make it neces 2845 K in the 1927 seale, the color temperature taken as i 
sary for Mr. Jerome to reealibrate hix speetroradiometer Iiuminant A in my past computations, was found te 
In a paper which will soon be published in the NBS equal 2835°K in the 1948 seals Using this temperature, 
Journal of Kesearch, Dy Judd will point out that an and Cs 143580 micron degrees, the emissivity of Fas 
incandescent color temperature lamp which previously was computed and the color parameters computed there 
represented Dluminant A (2342 K with ©, equal to from. These color parameters are: 4 H49, » 
14320 mucron degrees) is now, at the same operating The present ealtbration of my radiometer vields color 
voltage, assagned a color temperature of 2820 K with parameters for the standard lamp of 4 
: (, equal te 14580 micron degrees. This results in an Therefore, the change in temperature seale vields the 
appreciable change in the computed spectral energy following changes in color parameters: 3 + 002, 
eurve of the color temperature standard, but it i doubt Aw OO1 This deviation ean be overeome by reeali 
ful that it will result in great changes in the chromaticity bration of the radiometer but this change would not 
coordinates computed by Mr Dereon Reeon putatior ppreciably alter the deviations between computed and 
of the results will settle this point measured color parameters for the fluorescent lamps re 
The only other factor, not mentioned by Mr. Jerome, ported im the Addendum hereto 


Lee Sock Store 


This store formerly had a high ceiling, broken 
up by beams and many steam pipes. On the 
recommendation of the lighting consultant, the 
ceiling was lowered to 13 feet and made up of 
acoustical blocks, colored off-white. The rear of 
the store was composed of balcony for tailor. 
which was closed off by a mirrored wall giving 
appearance of greater depth 


The merchandising area of store is 14',) feet 
by 48 feet. The sidewalls were papered in pastel 
green with contrasting stripes. A light inlaid 
linoleum replaced former dark color. General il 
lumination is provided by a mixture of fluores 
cent lighting units 


20 surface mounted fixtures with two continuous 
foot 


rows on 6 centers 


12 recessed and louvered units spaced on 8-foot 


centers 


6 spot lighting units installed in continuous rows 


The lighting was supplemented by fluorescent 
wall case and show case lighting The average 
at the footcandles 


illumination counter is 100 


Lighting data was submitted by R. H. Stewart, 
Lighting Division, Metropolitan Edison Co. 
Easton, Pa 
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Lighting a Dairy 


LIGHTING OBJECTIVE: To provide illumination in a fluid milk processing plant for past 
cooling, bottling, and inspection. 


A.LA. Pile No. 31/13 


Installation at Green Glen Dairy, 30 Berry Street, San Francisco, California; lighting designed by 
A. C. Anderberg, Pacific Gas and Electric Company, San Francisco, California 


General Information: This 775 square foot area is 


tinished as follows 


Ceiling white 


Walls white plaster 


vhite tile 
red 


Machinery stainless steel 


Si/te ON VIV 


i 
5-1 
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. 
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General illumination is provided by twelve vapor-tight luminaires (Benjamin Sealed Flo 
ontaining two 40-watt 48-inch T12 3500K fluorescent lamps mounted 


Installation: 


Vapor #45695 and #45680) 
the floor 


each 
Supplementary lighting for the bottling machine is supplied by four 
mounted S&S feet 4 inches above the floor 


feet 6 inches above 
uitinuous operation the average general illumination on the working 


additional units of the 


same 


irs of 


After almost four ve 


lane is 30 footeandles. with 55 footeandles at the bottling machine Brightnesses are indicated on the 
I 


photographs 


Company, San Fran 


f similar installations 


Published by the Committee on Publications of the Illuminating Engineering Society 
Sl Madison Avenue, New York 10, New York 


Series XV 4-50 
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Lighting data submitted by A. C. Anderberg and 8. E. Howatt, Pacific Gas and Electric iy 4 
California. as an illustration of good lighting practice i to aid in th 


Special Circuits for Fluorescent Lamps 


By JOHN H. CAMPBELL 


HERE ARE innumerable circuits for start- 
ing and operating fluorescent lamps. It has 
been the author’s experience to experiment 

with, test and develop nearly a hundred such cir 
cuits. This seemingly large quantity is probably 
small compared to the possible number of ways in 
which electric-discharge lamps can be operated 

In general, it can be said that the incentive for 
fluorescent circuit development stems from one or 
more of the following needs (1) To obtain an 
advantage in starting or operating characteristics 
(2) to reduce ballast size, (3) to simplify and lower 
the cost of fluorescent auxiliaries, and (4) to pro 
vide a means for operating fluorescent lamps in 
special applications where it is impractical to use 
conventional ballasts and circuits 

Many improvements have been made in lamps 
and ballasts since the introduction of fluorescent 
lighting. However, with very few exceptions, the 
circuits are unchanged General-purpose circuits 
are the single lamp (low and high power factor 
preheat and instant 
14-, 85 


To those who are not thoroughly 


the split-phase two-lamp 
start 
and 100-watt 
familiar with the 


and the sequence-start series circuit 


problems of fluorescent-lamp 
development, it may seem strange that the activity 
in circuit development has not produced a greater 
change in the method of operating lamps for general 
use. Advantages of some of the experimental cir 
lower cost, 


enits include self-starting, simplicity 


and silent operation. However. in many cases, 
widespread use of these cirucits must await lamp 
adaptation to retain or improve present values of 
life, lumen maintenance, and efficiency. It is easily 
understood that any marked reduction of these 
three factors as a result of the method of operation 
would make the circuit impractical for general use 

It is the purpose of this paper to describe fluo- 
rescent circuits for special applications and to point 
out a few of the many ways in which the lamp may 
be started and operated. In many cases, the type 


of power supply or special conditions of the apph 


A 
Ite 
French Lick 
Park, Cleveland. (hie 


paper presented at 
mineting Engineering 
Indians Author 


asprin, 1950 


Spee ial Cirenuits for Fluorescent Lamps 


The fluorescent lamp, while appearing simple 
from the standpoint of the relatively few parts 
used in its assembly, is complex electrically. 
The variables involved in starting and oper- 
ating the lamp invite development work not 
only in the design of the lamp itself but in the 
design of the required auxiliary equipment. 
This paper points out some of the unusual cir- 
cuits for special applications and a few of the 
many possible ways in which the lamp may be 
started and operated. 


cation resulted in simplifying the circuit and re 
ducing the initial cost of the lighting installation 


Variable Frequency— 

Bus-Lighting Circuit 

Fluorescent lighting has been used extensively 
in new railway cars and many of the lighting sys 
tems on old cars have been changed to fluorescent 
The motor-coach lighting level has been increased 
considerably in the last few vears due to improved 
filament lamps and fixtures. However, fluorescent 
lighting has been limited to a few motor coaches 
because of the diffi ulty of converting the 12-volt 
battery supply to the correct voltage and frequency 
Most of the power supplies provided 60 eycles, so 
In this 
system, the converter obtained primary power di- 
from the main battery, the battery being 


conventional ballasts could be employed 


rectly 
charged by means of a d-c generator 

In recent vears the load on the battery and gener 
ator has increased, requiring battery charging at 
idling speed, higher efficiency and higher output 
per pound of equipment. For these reasons and 
others which do not come within the scope of this 
paper, the direct-driven a-c generator has become 
increasingly popular with motor-coach operators. 
This system provides three-phase low-voltage vari- 
able-frequency power which is rectified for battery 
charging 

The a-c 
operating fluorescent lamps directly from the bus 


source provided a possible means for 
generator. lLlowever, at the time the first a-c gener 
ators were used, no cireuit was available for con 
trolling the fluorescent are over a wide range of 
frequencies 


The frequeney varies from 80 cycles at idling to 
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Figure 1. Motor coach power supply 


YH) eveles at full speed The voltave is held to 
10 per cent from design center by means of the 


voltage regulater Fig 1 illustrates the power 
supply cireuit 

The problems in the design of a cireuit to regu 
urrent and light output over 


If the 


late fluorescent lamp 
a wide range of frequencies were manifold 
voltage of the generator was allowed to vary with 
the frequency, a self-compensating reactor ballast 
However. the voltagwe would be 
ballast 


ould be designed 
excessive at engine speeds and = the 
would be much larger than the conventional 60 
vele design If a resistance ballast was e1 iploved 
obtamed but it 


reasonable regulation eould be 


would be neeessary to distmbute 4o0 volts to start 


the lamp and th ireuit efficieney would be ex 
tremely low The pr blems were solved bv ar 
ranging the proper values of tnduective reactance 


resistance ani ipa fanee m @ seres parallel 


combination 


Fig. 2 shows the schematre diagram of the combi 
natoon starting and ballast ireutt Phe 42-inel 
slimline requ res approximately volts 
to start reliably tut simee the line voltae 
for revulatoon and eff another method 
if starting is il The O2 mfd tpacitor 
shown in shunt with the fluorescent and ballast 
lamp is tuned te near resonance with tl hoke conl 


—— 


Figure 2 Variable frequency starting and operating 


circuit 


either side of the ballast lamp, but the connection 
shown in Fig. 2 is preferred in order to obtain 
maximum voltage. During the starting period, the 
capacitor provides 450 volts. When the are in the 
fluorescent lamp is established this voltage is re 
duced to a comparatively low value and the current 
taken by 


starting frequency, the motor-coach operator accel 


the capacitor is negligible. To obtain 
erates the engine to a speed corresponding to or 


greater than 400 eveles. After the lamps have 
started, they will remain on over the full frequeney 
range. A larger capacitor could be employed to 
obtain the required starting voltage at frequencies 
corresponding to engine idling speed, but the cur 
rent in the starting cireuit at higher frequencies 
would be excessive 

Ballast action is obtained by means of the series 
choke and ballast lamp The choke Is designed for 
the lowest impedance at the low frequeney. The 


ballast lamp therefore provides the required resist 
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Figure 3. Characteristics curves 42-inch T.6 slimline lamp. 


current regulation. With increasing fre 


anee for 


jueney, the choke-coil impedance and voltage in 


rease and ballast lamp voltage decreases. For ex 
ample, at SO eveles the ballast lamp and choke coil 
nave voltages of SO and 50 respectively At 500 
veles, the voltages are 40 and 190 respectively 

urves of the lamp 


It will be noted 


Fig. shows the characteristic 


amd cirenit with varving frequeney 


that the lamp current and wattage drop approxi 
mately 27 per eent from SO to 500 ev les while the 
light output drops Ts per cent over the same range 


The omparatively low reduction in light output 
«ltne fe al neredse n ¢ ft eneyv at the lower 

t tloading. This effect is more pronounced at 
hivher frequencres. The average light output oecurs 
ita atel eveles and varies per cent 
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Figure 4. Size comparison variable frequency ballast 


(foreground) vs. 60-cycle ballast 


at the low and high points of the frequeney range 
The change in light output at various engine speeds 
is not noticeable on the reading plane because of the 
time factor in reaching high and low speeds 

Some idea of the advantages of this cireuit may 
be gained by looking at Fig. 4. The ballast com 
ponents of the circuit are much smaller, weigh 85 
per cent less and cost 75 per cent less than the con 
ventional 60-cvele ballast 

The first trial installation was completed in a 
Chicago Motor Coach Company bus over a vear 
ago with satisfactory results and others are now in 


service 


Capacitor Ballast for Aircraft 


A paper! in the February, 1948 issue of Luo 
NATING ENGINEERING showed that capacitors could 
be used as ballasts for fluorescent lamps at frequen 
cies above 300 eycles. While general use of higher 
frequencies still awaits an efficient and low-priced 
converter, there are a limited number of applica 
tions where high frequency is available. One such 
application is the commercial aireraft field where 
some 400-cvele power supplies are in use The 
Boeing Airplane Company has included a compara 
tively large number of fluorescent lamps in lighting 
their new Stratocruiser.” Most of the Stratocruisers 
will use 30 fluorescent lamps, of which 19 are oper 
The additional 11 use 


the conventional choke-ty pe ballasts in order to pro 


ated on capacitor ballasts 


32 Watt 
Fluorescent Lamp 


bine 0 6 Mfd 


glow switch 


208 
400 Cycles 


Line 


Figure 5. 400-cycle capacitor ballast circuit 


1950 


Special Corcuits for Fluorescent Lamps 


vide a high power factor load. The power supply 


consists of a 400-cyele, 208-volt generator with 


voltage regulation. Fig. 5 shows a schematic dia 
gram of the capacitor-ballast circuit used to limit 
the current in 32-watt circline lamps and 30-watt 
straight lamps. The substitution of capacitors for 
the conventional choke-type ballasts saved approxi 


The 


weight saved in ballasts alone would be 70 pounds 


mately 21 pounds with the 400-eyele supply 


if compared with a 60-cycle system 


Sequence Starting 


Weight and cost of ballasts can be materially 
reduced by starting lamps in sequence and operat 
ing them im series A series circuit requires some 
what more time to maintain since both lamps go 
out when one fails, but there are many advantages 
for this method of operation worth consideration 
The circuit was first applied to 14-watt lamps.* 
This lamp was originally designed for multiple 
operation on 60-volt, d-c train-lighting service 
However, the voltage drop of the two lamps oper 
ating in series is about S80 volts which allows the 


use of a small filament lamp as ballast on conven 
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tional 118-volt cireuits’ The ballast lamp provides 
excellent regulation of current over a wide range 
of line voltage and has the advantage of hich power 
factor, silent operation and lower cost compared to 
the conventional choke-type ballast. The overall 
efficiency is lower than with the same lamps bal 
lasted by means of chokes, but the efficiency is 
approximately double that of a filament lamp of 
equal light output. Fig. 6A illustrates the schematic 
diagram of the 14-watt Since the lamps 
start in sequence each receives approximately full 
line voltage in turn. The manual starting switch 
is designed for a mechanical delay between the 
opening of the two sets of contacts) The svstem as 


described has been used in floor, table and desk 
lamps 
Fig. 6B illustrates a sequence circuit for 100-watt 


lamps 


Ballasts of the split-phase type employing 
this circuit were used during the war to save copper 
and iron. Four lamps are operated from a ballast 
of approximately the same size and weight of the 
conventional two-lamp ballast. Additional advan 
tages are the 50 per cent reduction in ballast price 
and watts loss per lamp 

The application of the sequence ballast for 100- 
watt lamps is limited to 265-volt distribution sys- 
tems. It has been estimated that of the industrial 
power supplies in use at the present time, less than 
one per cent are 265 volts. The introduction of the 
85-watt lamp has brought about reconsideration of 
the sequence circuit for possible use in large indus- 
trial plants. Since the 55-watt lamp contains kryp- 


ton starting gas, the operating voltage is much 
lower than that of the argon filled 100.watt lamp 
It is 


sequence 


therefore possible to design a four-lamp 


85-watt cireuit for the more common 

power systems such as 208, 220, and 256 volts 
Appraisal of the economies of the four-lamp bal- 

last shows a decided advantage in the lower initial 


cost and energy savings inherent with this method 


of operation lIlowever. the 85-watt sequence cir 


euit requires a current-operated thermal starter 
and available starters of this type do not have the 
no-blink feature which ts desired by some industrial 
users. The conventional no-blink glow-switch type 
will not operate satisfactorily two-in-series, on the 
lower voltage distribution systems. However, the 
obvious econom advantages of the sequence circuit 
will no doubt justify a careful analvsis of the one 


disadvantage 


Resonant Sequence Start Circuit 


The sequence method of starting can be emploved 
to start lar LLL kilv without ti ise f switches 
or preheat current. This is a mplished by shunt 
ing one of the lamps with a small reactor and 
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ent Lam) 


The two lamps 
reactance 


‘apacitor as shown in Figure 6C 
are connected in series across a high 
transformer with a capacitor for current control 
Since excellent current regulation is obtained in a 
cireuit of this type the open circuit voltage need 


The 


lower lamp in Figure 6C starts first, and the cur- 


be no greater than required to start one lamp 


rent drawn by this lamp allows the shunting cir 
cuit to reach partial resonance, automatically pro- 
sufficient 


After starting, the two lamps operate in series. A 


ducing voltage to start the top lamp 


cireuit of this type can result in a ballast design 
of about half size when compared to the conven- 
tional instant start split phase circuit 

Since improvements have been made in the lamps 
themselves tests are now in progress to determine 
lamp life on this circuit 


Pulse Starting Circuits‘ 
Before discussing a new starting method it may 
be well to review briefly some of the present sys 
tems 
Conventional methods for starting fluorescent 
lamps can be classified in two types, the preheat 
employing a starter, and the high-voltage instant 
start. Other less common methods are the pre 
iwusly deseribed sequence cireult and the Resonant 
Sequence Start Circuit. Resonant circuits for mul 
tiple lamp operation while providing instant start 
at comparatively low line voltage require a multi 
plicity of chokes and capacitors. This results in a 
large, high-cost ballast for 60-cvele power Less 
bulky resonant cireuits may be used to advantage 
at higher frequencies or possibly in high-reactance 
high-voltage 60-evcle circuits 
When the preheat system is used, cathodes are 
prepared for starting by allowing sufficient current 
to flow through the electrodes to bring them up to 
then 
opens, applying full line voltage and an inductive 
In this system the line 
of the ballast 


transformer must provide about double the lamp 


emissive temperature. The starting switch 
between electrodes 
voltage or the secondary voltage 
operating voltage. This added voltage is needed 
to start the lamp and to provide the necessary mag- 
netizing current for the choke coil 

Instant starting by means of high voltage re- 
quires a transformer open circuit voltage or line 
voltage of from 2', to 4 to 1 over lamp operating 
potential. The increase in voltage to start a lamp 
without preheat depends on the lamp length and 


diameter” For example, a 40-watt, 48-inch lamp 


requires approximately 4 times its operating poten- 
tial while a %6-inch, T-s lamp operating at 120 m.a 
will start reliably at about 2! 


When suftir 


times its operating 


voltage 


ent Voltage is impressed be 
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Figure 7 A. (Top) Pulse starting circuit single lamp. 
B. (Bottom) Pulse sequence starting circuit. 


tween lamp electrodes, the starting gas ionizes, thus 
reducing the are-path impedance. The full are is 
established when electrodes are bombarded suffi- 
ciently to form the ‘‘hot spot’’ required to provide 
the necessary emission 

When lamp electrodes are preheated as in the 
case of switch starting, very little additional energy 
is required to start the lamp. An inductive ‘‘kick”’ 
at the opening of the starting switan is sufficient 
However, since the conventional reactance ballast 
requires voltage for regulation during lamp opera 
tion, the voltage to start must be high compared to 
the lamp operating voltage. The watts loss and size 
of the ballast depends on the current required by 
the fluorescent lamp and the resulting K.V.A. in 
It is well known that a resistance can 
A tung 
sten-filament resistance ballast lamp provides ex 


the ballast 
be used as a ballast for fluorescent lamps 


cellent regulation, silent operation and high power 
factor. The use of this system of current control 
has been limited to d-e operation, or to small lamps 
operating on the sequence circuit. The limited use 
logically stems from the fact that at the voltage 
required to start the fluorescent lamp, the watts 
lost in the resistance is considerably greater than a 
reactance ballast, thus making the overall efficiency 
lower. Since a tungsten filament ballast has a posi 
tive resistance coefficient, it 
operate with a very small di 
It therefor 


and line voltage lows that 


ing ean be accomplished at the low voltage, the 
watts loss in the ballast lamp will be comparable to 


the reactance ballast 
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Fig. 7A illustrates a low energy pulse starting 
circuit in which the fluorescent lamp is made to 
start and operate within a few volts of the lamp 
operating potential. The pulse coil is a small auto- 
transformer with a high turn ratio similar to the 
ignition coils used in model airplanes. Satisfactory 
pulse coils have been made with dimensions of only 
ra-inch in diameter and 25g-inch long. The ballast 
lamp can be of small size and the starter of the 
current-operated thermal type. The auxiliary elec 
trode or radiator is a small piece of metal arranged 
to contact the tube externally at the middle of its 
length or located in close proximity to the bulb 

When line voltage is applied, the lamp electrodes 
receive preheat current and the primary of the 
pulse coil is energized. When the starting switch 
opens, a high-voltage low-current pulse with a high 
frequency component is generated by the secondary 
of the pulse coil. This energy is radiated to the 
lamp by means of capacitance coupling between the 
auxiliary electrode and the bulb wall and dissipa 
tion of the energy in the pulse results in ionization 
of the starting gas. With the gas ionized, the im 
pedance of the are path is reduced sufficiently to 
cause the lamp to start at the applied voltage. The 
pulse coil is then removed electrically from the 
circuit with the opening of the starting switch 
Current regulation with normal variation in line 
voltage is accomplished automatically by a corre- 
sponding change in the resistance of the ballast 
lamp 

Fig. 7B illustrates a sequence pulse-starting cir 
cuit where one ballast lamp and one pulse coil serve 
two lamps. In some applications where it is desir 
able to supplement fluorescent lighting with fila 
ment downlighting, it may be possible to operate 
the ballast lamp at full rating and utilize this 
source for both illumination and ballast 

Provision for future use of cireuits such as 
switch-type pulse starting depends upon solving 
many problems in the design and manufacture of 


fluorescent lamps 
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DISCUSSION 


juenes pera 

tor hu ! lane mn that radio interference 
mw le t ipp | iv be of 
iftieular value in view t the inereasing tendency to 

we radio installation otor coaches. Another ad 
antage should be the reduction stroboscopic effect at 
nch frequencies as 80 to 500 eyeles 

It ws not quite clear u he paper the engine 
t the motor coach generator ust be speeded up so that 


frequency will be increased ipproximately 400 
eveles to attain 450 volts for tarting or whether the 
voltage is already close to that at the lower frequencies 
and engine speeds 

It would be interesting and it nportant to know the 
effect on life and lumen maintenance resulting from op 
eration on the vaniable frequency ereuit discussed 

Sequence starting while it has a definite advar tage in 

wer installation cost, w most certainly have higher 
maintenance costs and with today’s huh eost of labor. it 


probably more costly thr 


instal 


than eonventional multiple cireutt opers 
Pulse start ng also has definite advantages, but it does 


he disadvantages need for modifications in 


fixtures to aceommodat: treuit and the need for 


raining maintenance 7 


ent With present day emphasis on instant starting 


spe and Aixtures, if would appear that the sequence 


i weruld re ne 


References 


ty appear to be of littl commercial nature at present, 
which 


this is 


some 


at higher 


frequences, However, this is a minor point compared 
to the main advantages such as lower ballast cost, and 
ess ballast weight. Insofar as bus lighting is concerned, 


it gives the bus manufacturers an opportunity to install 
fluorescent lighting without resorting to separate eon 
verters for the lighting system alone 

Regarding the method used to obtain 450 volts for 


starting, the paper points out that the engine 


be increased to a point where 400 cycles is obtained. At 
this frequency the capacitor is in partial resonance with 


the choke coil and 450 volts appears across the lamp for 


starting er starting, the voltage of the capacitor be 


comes essentially that of th fluorescent 


np. One otf 
the reasons that the ballast can be made so smal! for this 
system os that if is necessary to distribute only 220 volts 


which is the voltage required for proper current regula 


tion over the frequency range. Regarding the life and 
imen maintenance resulting from operation on the var 
ible frequeney cireuit, it is practical if not impossible 


er a period of two vears. At the present writing, it 


I assume tha Mr. Vorlands was referring to the 


sequence start ir-lamy 100.S5-watt ballasts when he 
vlerred to sequence starting. It is true that maintain 
goa sermes system may require somewhat more time 


udies ind 
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Pulse starting presents some interesting possibilities 
in simplifying present circuits as well as reducing size, 
weight and cost of ballasts. However, as pointed out in 
the paper, general use of this system depends upon the 
desirability and success of lamp adaptation to obtain the 
described advantages. The change in fixtures to accom 

odate the smal! contact or radiator is a minor problem 
There are no reasons why maintenance personnel would 
need special training to handle fixtures of this type. Pos 
sibly Mr. Vorlander had in mind shock hazard as a result 


transtiers the low 


ot the pulse eo) action. The contac 


e lamp by means of capaci 


energy Of the pulse coil to th 


tance and can therefore be adequately insu ated 


Application of Recommended Brightness 
Limitations to School Rooms 


By F. C. Winkler and John |. Neidhart 


DISCUSSION 


Haro» B. I take exception to the following 


Statement which appears in the paper “Application of 
Recommended Brightness Limitations to School Rooms” 
hy Winkler and Neidhart, ( December, 1949) 

Many sel ficia's feel, | that the advantage 
f increased mfort s stallati 
translucent plast tten offae ite 
higher cost wer in tion lteve greatly i 
" tena ‘ j eu \ tt m aire 
* par r trou son “ class ms where 
hildren a prone t ss pape . ne. et to ¢h 
re l ere ttomes r ally 
xtras matt to fall throug 
et smn to yp t passage.’ 

I dor dispute the authors’ assert that pany 
hool officials hold these things to be true for I eannot 
prove that do not. M neern with the statement is 
hat the casual reader ty sume two things 
l I me ‘ " ac} 
ficinle: 

Phat the arrumeste are true a npelling 


Mav I exa ne the arguments in the order in which 


l It is more expen ‘ This arg ent mav also be 
used t ike a case for outdoor plumbing. ( t should 
he a ernitical factor only when increased costs do not vield 
corresponding increase of benetits The emerging re 
searct! is far as I know, and the conelusions of the 


Winkler-Neidhart paper itself are compelling evidence 


of increased benefits con ensurate with increased costs 
~ “Lower dlumination level If the proof of the pur 
chase 1s the amount of raw light produced, there is no 
dispute If, however, the objective is optimum seeing 


conditions the objeetion dis ippears and becomes a fune 


if the cost factor 


/tncredsed mammicnan yr om sure, 
if eosts ore to maintair something thar ’ t ts main 
tain it The whole visual irrour f the «classroom need 
o tained. Co pared with eost of ntainine the 

ee nos ors other sur ives ¢lassre 


1950 


environment, the cost of cleaning the luminous shields is 


neglgible. The cost of maintaining luminous indirect 
fixtures looms large only if it is the only maintenance 
that is being done. Further, there is good reason to 
believe that if nothing else in the room is going to be 
maintained .as the total environment deteriorates, the 
careful maintenance of only one factor, the lighting 
fixture, may very well introduce severe unbalance 
4. “Children toss paper wads, clips, etc. into the lumi 
naere rhis is a problem of human, rather than elee 
trical engineering. By the same token one might argue 
that a school lunch program is bad because the children 
iy seale the milk bottle tops around the room. Chil 
ren engaged in an active and meaningful program of 


thon in the classroom have no awareness of the light 


« This observation is based upon three years’ ex 
perience with more than 2000 luminous indirect fixtures 
in «classrooms. The fact that “louvered bottoms will nor 

uly allow such extraneous matter to fall through” ws 
scant solution to the problem of finding something more 


weful for the children to be doing 


Jor anp F. C. Winktier®: The authors 
offer the ipologies to Mr. Gores if he believes that we 
have sold quality lighting down the river. We certainly 
hd not intend to ply that we do not like or recommend 
st indirect installations. There is no question but that 
t indirect lighting provides a high degree of seeing 


tort up to levels of about 50 footeandles. At higher 
ntensities, the ceiling brightness is apt to be objection 
ible with such installations 
We note that Mr. Gores agrees with our statement that 
cials feel, however, that * We did 
ils or even most school officials 
he meanings of the words “many” and “all” and “most” 
ire well established in the English language and should 
he & inderstood by even the casual reader 


The facts remain that semi-indirect lighting is more 


expert sive sifice rm it naires are required to produce 
given intensity i lower intensity will prevail) and 
‘ tintenanee probe greatly increased. The main 
tenance proble perhaps the biggest obstacle. Grant 
rt tt ! untaining room surfaces is much 


greater, Mr. Gores must admit that these surfaces may 


will the lighting 
equipment. Luminaires having closed bottoms and open 
tops accumulate dust and dirt at a very rapid rate, be 
enu there is no alternative but for the dirt to fall and 
emai on the bottom panel. The authors have talked 
to many (not all or most) school officials who are strong 
ssroom lighting but who are never 
theless not prepared to shoulder the expense of maintain 
ires, We think that their attitude 


av be sommed ip te the « mple tuet that they would 


ser ndirect lumir 


, as they would prefer 


preter indirect whitir 


nv other deluxe items) but thev lack the funds to 


purchase and maintain sueh equipment Perhaps they 
ou ght a few of their by the “preferred 
‘ but they would rather provide just plain good 


ghting in more rooms, thus benefiting more childrer 
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Lighting and Seeing Conditions for 
Hand Sewing in the Home 


By MYRTLE FAHSBENDER and PRISCILLA PRESBREY 


EWING 
objects and low degrees of contrast, 
difficult task. It 
possibly the best and most carefully applied light- 


involving as it often does small visual 
is recog 
requires 


nized as a visual 


ing of any work that is commonly done in the 


home. And yet little specific attention has been 


given to this problem, beyond the Illuminating 
Engineering Society's recommendation of 20 foot- 
candles for ‘‘periodic average sewing,’’ 40 foot 
and 100 


sewing on dark goods, fine 


eandles for prolonged average sewing i 
footeandles for ** 


or more 
needlework.’"' This study was undertaken with the 
purpose, first, of investigating the lighting condi- 
tions most satisfactory for hand sewing in the home, 
and then of determining to what extent these con 
ditions can be provided by common types of avail 
able home lighting equipment. The two phases of 
the project are reported separately 


Part I Preliminary Observations 


The approach to a problem of this nature is 
facilitated by the back 


ground information which micht well be classified 


compilation of certain 


as ‘‘experience.’’ For this purpose a questionnaire 
on sewing habits, including lighting, was prepared 
A detailed 


replies received does 


and mailed to a selected list of women 


report on the more than 


not come within the scope of this paper, but it ts 


of interest here to note that a surprisingly large 


number of the women who replied were conscious 


of the importance of lighting for sewing. A great 


many reported that they sewed in the daytime be 
cause the 


and the 


did not have adequate artificial light 
of the room for evening sewing was 
to a larvwe degree depende nt on the lighting \t 
of the replies indicated dissatisfaction 


with the present lighting 


It is obvious at once that the general term ‘‘sew 
ing neludes a large number of different visual 
tasks To mention but a few, sewing mav be taking 


es with thread of a contrasting color, as 


Ligh Hand Seu cH 


This paper is a study of (1) the lighting con- 
ditions most desirable for hand sewing in the 
home and (2) the types of available equipment 
which will mpst nearly provide these conditions. 
Sixteen luminaires are appraised on the basis 
of their ability to produce satisfactory lighting 
| for hand sewing. 


ing thread; it may be taking stitches on a flat sur- 
face of the material, or at the edge of a fold, as in 
hemming; it may be a difficult weaving process, as 
in darning sockS.or mending; or it may be a matter 
of filling in one stitch next to another, as in em. 
broidery and needlepoint. In addition, types of 
light or dark, figured 


or plain, dull-surfaced or shiny 


fabrics vary tremendously 
coarse or fine 
weave, transparent or opaque, smooth or textured 
Thread, also, is of different sizes, materials, and 
finishes 

So wide a range of conditions, of course, results 
in an equally wide range of relative visibilities, ex- 
tending to very low levels at illumina 


The diameter of a No. 50 cotton thread. 


customary 
tion values 
for example, is approximately 0.009 inch, which at 


a distance of 14 inches from the eyes subtends an 


angle of about 2 minutes. According to published 


tables,* a 2-minute critical detail with a contrast of 


five per cent requires a brightness of 240 footlam 


berts to achieve a visibility-level of 1. On this basis, 


if a fabric has a reflectance of five per cent, an 


illumination of 4800 footeandles would be necessary 


to provide even threshold visibility for a detail of 


that size and contrast that is, to make it barely 


visible to a normal eve The diameter of a single 


thread is probably a smaller object than it is often 


necessary to see. but even a oe inch stitch, which 


subtends 


a lengthwise angle of 15 minutes, under 


similar contrast conditions theoretically 


requires a 
brightness of 1.3 footlamberts or 26 foote indles on 


a five per cent reflecting surface, for threshold visi- 
bility 


4. which is re 


and 1280 footcandles for a visibility-level of 


varded as a conservative visual ‘* fac 


based on 


However ilenlations such as these are 


detail to be 


kground (14 
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rest) 
n basting, or taking very fine stitches with match 
tor fet.’ 
‘ 

k India ‘ , a visual task like reading, where the EZ 

sr x 
ded, New Jer seen is on the same plane as the 

m 


and disregard the effect 
which direction of light can have in helping or 


ink printed on paper 


hindering the visibility of a more complicated see- 
ing process such as sewing. Measurements of actual 
visibility levels of sewing tasks therefore seemed 
likely to be productive of interesting and instrue- 
tive results 


Test Procedure 


For the purpose of this study, it was necessary 
to select some one simple sewing task which could 
be used as a standard. Five materials were chosen 
a plain, matte-finished, closely woven, smooth, white 
cotton, a similar material in a medium gray. a 
slightly finer weave in a black matte-finished cot 
Total 


with a sphere re 


ton, and a white and a black ravon satin 


reflectance measurements made 


flectometer gave the following results 
reflectar 


Black cotton 
White satin 
Black satin 


The thread used was No. 50 matching cotton on the 
cotton fabries, and matching silk on the satins. The 
visual task selected was the ability to see, and to 
follow, a short section of plain running stiteh, with 


jy-inch long, on each of these materials 


stitches 
This admittedly very limited number of fabrics and 
conditions does at least include a wide range of 
reflectances and degrees of specularity 

A Luckiesh-Moss visibility meter was used to take 
readings on these five samples under 10, 20, 40 and 
80 footeandles of totally direct light, totally in 
direct light, and a fifty-fifty combination of the two 
All the light sources used were incandescent, the 
direct component being provided by a bare inside 
frosted lamp placed slightly above, to the side of 
and behind the test plane. The readings were made 
in a standard 1.E.S. test room.* The meter was so 
located 
from the task, and the field of view 
vertically and 10 
Bodoni Book 


type, printed in black ink on white paper, was in 


that the observer’s eves were 14 inches 
was reduced 
by a hood to approximately 10 
horizontally. A sample of 8&-point 
cluded in each set of readings as a cheek on the 


individual's use of the meter 


Conclusions 


The use of the visibility meter demonstrated that 
the chief factors enabling the eve to see a stitch 
in the absence of color con 
reflected 


light reaching the eve from the thread and from 


against its background, 


trast, are differences in the specularly 
the cloth, and minute shadows cast by the thread 
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and by slight ridges resulting from the tension of 
the stitches 
marked with the satin fabrics and direct light, but 


Specular retlection was, of course, most 


it also proved to be present to a slight but signifi- 


cant degree with the dull-finished cotton fabrics 


and cotton thread, even when the light was totally 


Figure 1. A line of stitches on the gray cotton test fabric, 

lighted by approximately equal footcandles of direct light 

(left) and totally indirect light (right). The difference in 
relative visibility is apparent. 


indirect and the source was the ceiling. Specular 
reflection from the surface of the cloth is, of course, 
determined by the angular relationships between 
the light source, the work surface, and the eve, but 
because thread is round, there is nearly always 
some specular reflection from some part of it 

In general, specular reflection from the material 
was found to be a hindrance to visibility, and specu- 
thread helpful For the 


satins, where specular reflection is high, this meant 


lar reflection from the 
that the more diffuse the light the more satisfactory 
the seeing conditions, and that the indirect light 
For the cottons, on the 
Ilere the 


specular reflection from the cloth was so compara 


was the most desirable 
other hand, the situation was different 


tively small, and the highlight on the thread and 
the tiny shadows so important to the seeing process, 
that under totally indirect light the working field 
appeared unnaturally flat, and the line of stitches 
was difficult to see. Thus it was obvious that the 
visibility-levels of the test tasks could not be speci- 
fied in terms of footeandles alone. It was quite pos 


sible that a relatively low value of illumination 
properly directed, could give a task the same visi 
bility-level as a greater quantity of light, less effee- 
tively directed 

It must be admitted that these conclusions are 
based largely on observations, rather than on test 
The actual visibility 


results measurements, un 
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fortunately. were not sufficrently consistent to sup 
onditions which were clear 


\lthough the data 


ply statistical proof of 
ly apparent to the observers 


showed some indication of the advantages of a 


directional component in raising the 
of the dull-finished materials, the readings in them 
wives Were not precise enough to warrant any defi 
nite conclusions. One reason for this was the diffi 
from test to test a fixed stand 


the test stitches 


eulty of maintaming 
ard of what constituted 
Th chief cause of 


see 
incertainty in the readings 


however, was undoubtedly the fact that the relative 


positions of the source of direct light, the test sur 
so extremely critical, An 


ould 


appearance of the stitches, and 


face, and the eve, were 
exceedingly small change in any one of these 
yvreatly alter the 
under the conditions of the tests it was almost um 
dimensions neces 
Moreover 
the most favorable light-source location for the dull 
al 


possible to maintain the precise 


sary for exact duplication of readings 


fabrics Was not necessarily the 


Milne is 


surtace 


the 


for shiny ones 


Furthermore, although for the satins the totally 


indirect light provided the most comfortable condi 


tions for sewing, it was possible with direct light to 
silhouette the stitches against a very bright back 


vround in a wav that would give a hiwher visibility 


meter reading, with less comfortable eomadl 


tions. For these reasons. and others, the visibility 


meter was difficult to use with precision under 


the existing test conditions, and the measurements 
were not snecessful as a means of omparing the 


effectiveness of various types of lighting 


llowever, it was not difficult to assien relative 
visihilitv-levels to the five test tasks under totally 


‘indirect At 10 footeandles, totally indirect 


the stitches on the white satin had a visibility-level 


of approximately LO. those on the white itton 


approximately 2.9, the gray cotton approxin ately 
20, and the black satin approximatel LS. The 
stitches on the black cotton were below threshold 
visibility at 10 footeandles, but at 20 footcandles 
had a visihilitv-level of about Lo \ visibilitv-level 
of 4. representing a task of nearly the same diff 
ulty as reading S-point type under 10 footcandles 


wm surely about the lower limit at which most people 


would wish to sew for anv length of time To attain 
even this visibility-level, on the basis of the normal 
ratios to be expected between visibilit andl illumi 
nation,’ would require for the white satin at least 


footeandles, for tl white eotten at least 25. for 
the erav eotton 65. for the black satin 250. and for 
the black eotten oO Thy irves of illumination 
vs. measured visihilitv-level, for indirect liht up 
to 80 footeandles. agreed reasonably well with these 
figures 
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Required footeandles for a given visibility-level 
calculated from object-size and a nearly zero bright- 
ness contrast (which would exist when the thread 
matched the fabric 


diffuse and specular reflection entirely absent 


if the light were completely 
would of course be considerably higher than the 
values listed above. The presence of highlights and 
shadows, even with indirect light, reduces the re 
quired footeandles below the theoretical values, and 
partly or completely directional light changes them 
further 

The five test tasks were very limited in their 
scope as compared with the enormous variety of 
possible kinds of sewing. However, they are per- 
haps representative of common, simple sewing on 
light, medium, and dark smooth-finished fabrics, 
and the footcandles reported provide some indica 
tion of the amount of light necessary for the com 
fortable performance of similar tasks 


Part II Test Procedure 


The foregoing tests and observations, together 
with the accepted principles of good lighting prae- 
tice, indicate that the most satisfactory lighting in- 
stallation for sewing is one that provides (1) as 
high a footcandle level on the work as practicable, 
sufficient 


”) at least some direct component, 


general room illumination to create a comfortable 
surround, and (4) freedom from glare sources in 
the visual field. The question of light-source color, 
which in itself presents a complicated problem, has 
been disregarded 

The results of the authors’ questionnaire show 
that sewing is done in almost every room in the 


home, including the hall 


Living room, bedroom 


and dining room were the three rooms most often 


used, and the lighting was almost exclusively from 


floor and table lamps, either alone or in combina 


tion with a ceiling fixture. Because portable lamps 


or other local lighting equipment offer the most 
practical means of providing high footcandle levels, 
the majority of the luminaires selected for test were 


portable lamps. Reflector and = projector lamps 


mounted in the ceiling over the work area were also 
tested 


All of the 


cept two port iahles which 


test equipment was incandescent ex- 
ombined tlauorescent and 
incandescent. Although for best seeing conditions 
it is almost always necessary to add other illumina 
tion to a loeal light source, in order to determine 
the performance of the individual luminaires it was 


necessary to test them without the presence of 


other Ulumination 
Nelection of Test Plane: In order to make possible 
an effective comparison of the various luminaires, 


some definite test area on which illumination mea- 
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+— 


30 


CENTER OF 
TEST PLANE 


FLOOR AND WALL LAMPS 


Figure 2. Positions of test plane used with Certified lamps. Exceptions are noted in Table I. 


surements could be made had to be selected. ‘* Light 


ing Performance Recommendations for Portable 
and Installed Residence Luminaires’™ 
for hand sewing a test plane 10 by 10 inches tilted 
back 45 
above the floor 
and the angle of tilt seemed satisfactory, but a con 


sideration of the wide range of furniture dimen 


establishes 


from the vertical, with its center 26 inches 
The dimensions of the test plane 


sions, and actual measurements of the sewing habits 
of a number of individuals, led the authors to ques 
tion the 26-inch height 

The average seated eve height of women has been 
reported’ as 30 inches, plus or minus three inches 
Measurements showed that most women, when sew 


ing, assume a position which lowers their eves ap 


APRIL 1950 


Lighting for Hand Sewing in the Home 


proximately four inches from the erect position 
Also, when the work is held 14 inches from the eves 
it is only about 12 inches below them on a vertical 
line. If the subject holds her sewing on her knee, 
as many women do, the position of the work is fur 
ther lowered. The seat height for unupholstered 
chairs is usually 17 to 18 inches, while upholstered 
with some 


chairs or sofas are commonly lower 


modern designs as low as 12 inches. Considering 
all these variables seated eve heights, furniture 
dimensions, and sewing habits it is obvious that 
the height at which the work is held will change 
greatly with the individual and with circumstances 
For example, a short woman on a 12-inch daven- 


port will hold her work about 23 inches from the 
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floor. whereas a tall woman on an 18-inch chair will 
work about 35 inches above the floor. From this 
range (and a still wider range ts possible) a dis- 
tance of 30 inches from the floor to the center of 
the test plane was selected as a rm asonable working 
average. (See Fig. 2.) The 14-inch distance from 
the eyes to the center of the test pl.ne was main 
tained 


Placement of Luminaires: Certified lamps are 
tested for the illumination they produce on a read 
ing plane 26 inches above the floor. Table lamps 
are placed on a 25-inch table, the center of the 
light source 16 inches behind and 20 inches to the 
side of the center of the test plane With floor 
models the center of the light source is placed 26 
inches behind and 15 inches to the side of the cen- 
ter of the test plane 

In the interest of obtaining higher footcandle 
values for sewing, it seemed desirable to place the 
lamps closer to the test plane. After some expert 
mentation and measurement, It Was decided that 
the dimensions shown in Fig. 2 located the lamps 
as close to the work as possible while still avoiding 
annoying brightness and too lose proximity to the 
With a few of the floor lamp models this 
degree of discomfort 


shade 
location resulted in some 
from under shade brightness when the eves were 
raised from the work However, the authors felt 
that the higher footcandle levels resulting from the 
closer positioning more than compensated for this 
unpleasantness at occasional moments of relaxation 
These dimensions were used for all portable lamps 
except Tests No. 6, 7. and 10 Table I 
the construction of these three lamps, It was pos 


Because of 


sible to obtain more light by bringing the source 
still closer to the test plane 

Reflector and projector lamps were recessed in 
the ceiling four inches behind the test-plane center 
and 134 inches above th ceiling line. See Tests No 
13 and 14 in Table I 

All portable lamps were tested with the light- 
souree center 18 inches from the center of one wall 
of the test room The test plane was parallel to 
the wall. See Fig. 2. 

Veasurements: All illumination measurements 
were made in a standard test room’ 12 feet square 
with an & ft 6 inch ceiling. The ceiling had a re 
flectance of approximately 75 per cent the walls 
30 per cent and the floor 20 per cent 

Footcandle measurements were made in the cen 
ter of the test plane and in each of the four corners ; 
the average of the five, the maximum, and the mini 
mum are reported. To determine the proportion of 
illumination reaching the test plane directly from 
the lamp, these measurements were repeated with 
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the top and the sides of the lamp shade and the 


adjacent wall covered with opaque black cloth In 


the case of the recessed ecelling units the reflected 
light was measured by shielding the meter from 
direct light. Because the test plane was parallel to 
the wall, and because the measurements were made 
without a subject in sewing position the amount of 
reflected light reaching the test plane from the wall 
was higher than it would be in normal usage 

An approximate measurement of general room 
illumination was obtained by taking horizontal foot 
eandle readings 30 inches above the floor at five 
in the center of the room and halfway be 
All footeandle 


points 
tween the center and each corner 
measurements were made with a color-corrected 
multi-cell diffusing plate designed to eliminate 
errors resulting from variations mn spectral energy 
distribution and angle of incidence, and used in 
conjunction with a microammeter calibrated im 
footeandles. All lamps used in the tests were new 
lamps held at rated voltage 

Brightness measurements were taken with a 
Luckiesh-Taylor meter at a pomt on the center of 
the opposite wall 48 inches above the floor, and 
also on the floor immediately surrounding the test 
plane. The last column of Table I reports the 
authors’ appraisals of each installation for quan 
tity and quality of local illumination, and for free 
dom from sources of direct glare 

The results of the test measurements are sum 
It should be noted that all the 


data apply only to the standard test room, and to 


marized in Table I 
the conditions under which the tests were made 


Conclusions and Comments 


From the measurements and observations made 
in this study, it is apparent that it ts impossible to 
set up any one standard of optimum quantity and 
quality of light for all types of sewing. On the 
basis of both test results and observations the 
authors are of the opinion that the current recom 
mended footcandle levels for sewing published by 
the Committee on Residence Lighting in 1945' are 
not altogether adequate, oF clearly defined. The 
following values and classifications are sugyvested 


for consideration 


Occasional sewing on light-colored 
fabrics 
longed sewing light te medium 

clles 


Sewing of 


te footeandies 


While these values are higher than those recom. 
mended by the Committee all the indications are 
that the higher levels are more desirable, and pres 


ent-day lighting equipment now makes it possible 
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to attain them practically and economically in the 
home 

As previously stated, for most sewing tasks totally 
indirect light is less advantageous than light with 
With all the Certified 
lamps, 75 to 85 per cent of the light delivered on 


some direct component 


the test plane came directly from the source, pro- 
ducing a quality of illumination that seemed to be 
satisfactory for the materials tested 

The authors feel that diffusion and low source 
brightness are not so necessary for sewing as for 
reading. In fact, specular reflection from the 
needle is usually helpful, although with very high 
source brightnesses it is possible for it to become 
annoying. Standard inside frosted lamps in single 
or double socket table models, although they pro 
duce slightly harsher shadows than either Certified 
lamps or the 150.watt R-40 white indirect-lite lamp, 
still in general provide a reasonably good quality 
of light for sewing 

An inspection of the general room illumination 
and brightness values listed in Table I shows that 
with one or two possible exceptions the luminaires 
tested do not by themselves provide sufficient room 
lighting to maintain comfortable brightness ratios 
Fur 


made in an 


with any task of reasonably high reflectance 


thermore, these measurements were 


The Certified Senior floor lamp with a 100-200 
300-watt incandescent lamp and a 32 watt circular fluores 
cent lamp provided the highest illumination level of any 
of the portables tested: an average of 100 footcandles on 
the specified test plane. See Test No. 9, Table I 


Figure 3 
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In most furnished rooms the 
illumination readings would be even lower. 


empty test room. 


Illumination from Portable Lamps: As shown in 
Table I, the portable lamps tested produce a range 
of from 30 to 100 footcandles 
sewing plane. These levels are about as high as 


average) on the 
can be attained with conventional types of portable 
lamps. When sewing, one consciously or uncon- 
sciously moves the work to the place where it will 
receive the most light, so that the maximum read- 
ings are perhaps more significant than the averages. 
It is also noteworthy that, because of the small fixed 
area of attention in sewing, uniformity over the test 
plane is of less consequence than it is in reading 
The table lamps tested, on a 25-inch table with 
an observer of average seated eye height on an 18- 
inch chair, gave complete freedom from direct glare 
in either the sewing or the relaxed position, because 
the lower edge of the shade was below eye-level. 
The same lamps placed on a higher table beside a 
lower chair might very easily become annoying if 
field of 
To avoid this condition, all table lamps must 


the under-shade brightness were in the 
view 
be carefully chosen with respect to table and chair 
height, and 


If a table or floor lamp, designed to pro- 


or davenport individual seated eye 
height 
duce an acceptable quantity and quality of light 
it could be 


raised or lowered by means of an adjustable shaft, 


for sewing, were so constructed that 


the problem of under-shade brightness could be 
solved for various combinations of these dimensions. 

Local Illumination from Reflector and Projector 
Lamps: When illumination levels beyond the 100- 
footcandle range are desired in the home, it usu- 
ally becomes necessary to use some type of concen 
trating equipment. Reflector and projector lamps 


recessed in the ceiling or mounted locally are a 
practical and convenient means of supplying addi 
tional footeandles 

Reflector and projector spot and flood lamps (150 
Tests 


produce a high degree 


watts) recessed in the ceiling (as shown in 
No. 13 and 14 in Table I 
of uniformity of illumination on the test plane 
Hlowever, the footeandle levels provided by the 
21 average for the R-40, and 48 for 


are no greater than can readily be 


flood lamps 
the PAR-3S 
provided by portable lamps. On the other hand, the 
R-40 spot lamp, with an average of 117 footcandles, 
and the PAR-38 spot with an average of 200, pro 
duce an effective quantity of ‘‘ plus lighting’’ which 
is definitely worthwhile 

One disadvantage of this type of installation is 
that the high footeandle levels are accompanied by 
high source brightness which results in conspicuous 
specular reflections from the needle, the thimble, 


fingernail polish, and shiny fabries. However, all 
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Figure 4. A handy clamp-on device for attaching a 75- 

watt R-30 reflector lamp to the shaft of a floor lamp. A 

flood-type lamp used in this manner supplies at least 100 

footcandles on the sewing plane, depending on distance 
and angle. 


of these elements are continuously in motion, and 
the degree of annoyance is ordinarily not too severe 
The sensitivity of the individual, and the length of 
time for which the installation is used, will deter- 
mine whether or not the condition is uncomfortable 

ne method of bringing reflector and projector 
lamps closer to the task is to install them in the 
conventional down-turned bridge lamp, or one of 
the more modern adjustable floor or table lamps, 
which previde a convenient socket and a shade to 
The 75-watt R-30 flood lamp used 
in this manner supplies at least 100 footcandles on 


shield the lamp 


the sewing plane approximately 15 inches from the 
end of the lamp, and the 150-watt R-40 flood a 


minimum of 250 footeandles. Care should be taken 


to arrange the lamp so that the bright inner surface 


of the shade is not in the line of vision 

Another simple method of mounting a 75-watt 
R-30 lamp is to use a photographer's swivel socket- 
holder clamped to the shaft of a floor lamp. The 
use of some sort of shield around the lamp is recom 
mended. If the lamp is used bare, it is essential 
that it be placed well below eye-levei, and care- 
fully aimed so as to avoid direct glare from the 
end of the bulb 
fortable illumination will vary with seated eye 
height, and the footeandles obtained will vary cor 


The tilting of the source for com 


respondingly. Because of the angle at which the 


light is directed, specular reflection is less likely to 
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be annoying than it is when the lamps are mounted 
in the ceiling 

Obviously, with such values of local lighting, 
considerable general room illumination from other 
sources must be added if the brightness of the sur- 
roundings is to be brought up to acceptable degrees 
of contrast with light or medium-colored sewing 
tasks. For example, if a fabric with a 20 per cent 
reflectance is lighted by 100 footeandles, its bright- 
ness will be 20 footlamberts. If the floor has a 
reflectance of 20 per cent as in the standard test 
room, then 10 footeandles of general illumination 
will produce only a ten-to-one brightness ratio be- 
tween the work and the floor. In view of the fact 
that the reflectance of many fabrics is higher than 
20 per cent, and that of most floor coverings lower 
than 20 per cent, the attainment of even a ten-to- 
one brightness ratio in the average home often be- 
comes difficult 

A complete study of lighting for home sewing 
would include at least four parts 


ight for hand sewing 

ight for machine sewing 

ight for the cutting or tracing table 
-ight for fitting purposes 


Acknowledging that the present investigation has 
opened up a number of questions which deserve 
fuller technical analysis, the authors hope that it 
still has made some contribution to the first of these 
four, This study was undertaken because it is ree- 
ognized that sewing is a difficult visual task, and 
requires careful lighting. That the subject also 
deserves consideration on the ground of the grow- 
ing popularity of sewing in the home is shown by 
figures quoted in a recent issue of a fashion maga- 
zine" In the last ten years department store sales 
of yard goods have tripled, and pattern sales have 
mushroomed to more than 100 million a year, be- 
cause today more than 28 million American women 
In the light of these facts, it is 
to be hoped that further examination will be made 


are sewing at home 


of part 1, above, and that studies of parts 2, 3, and 
+ will follow, in order to supply additional basic 
information as to the amount and kind of light 
needed for sewing in the home 
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DISCT SSION an be provided by common types of available home 


lighting equipment 


Matrruew | congratulate the thors on a : 
The answer to this objective is tabulated in Table No 

Performance of Test Luminaires. Careful check of 

taining eritics deta aves the Table, particularly in that col tit ed ( omments, 
hand sew note nerease in sucl shows that no one of the 14 lum naires checked yave 
efforts, for specifies as well as complete satisfaction at all parts of the test 
brghtne- te rat must he based on a 
These comments are made not as criticism of the paper 
Toundatior ent of the factors involved in but rather to emph ize the pr mberent m home 
seeing ancl eoing conditior sewing must be considered by an iluminating 
The aut! btained satisfactory results for the condi neer who plans light for such a task 

tion of general or indirect lighting, but they encountered Diseussion of a study of this paper might inelude as 
come difieutt n king satisfactory measurements, or ts outstanding point this statement of the authors “we 
rather im inte wtir thet ‘hen a direct component are of the opimon that the current recommended foot 
oft 4 ng wa ! ed rT neither their tault nor eandle levels tor sewing publ shed byw the Committee on 
' orte ne of the bilitw mete With a combina Residence ng in 1945 are not alt her adequate 
tion of genera «lire ting. the bility of the or clearly defined.” 


The authors continue and say “the following values 


net only by the brightness-lew the task but bw the and classifications are suggested for consideration.” They 


Specular re then suggest reclassification of the sewing tasks and in ’ 


ire alxo involved and their effect on the woarbility crease of reeommended footcandles. To « remem 


i the 


f the ritien! deta lune to ‘ plex combination hers the diseussion, and even hesitation, 
of the direction of vt the briwhtness of the light first table of illumination values for Recommended Prac 
ree. positios the ohserver and the brightness Was «, the authors of this paper certainly join 
off the dete und of their heckground leaders in a parade of progress. 


eontro imi to 


Rerun Morets*: We whe are doing lhebting work im eus 

dlesertbee lloweve n any given ease, measurements of 
hy le the he only ivailable tomers’ homes commend M sx F shender and Miss Pres 
practical approach. Visib easurenet vetua brey for their work in preparing the paper entitled 


Home.” It has long been reeognized that hand sewing 


es on dark matenal with dark thread is one of the most 


eritveal eve tasks performed in the hone This, plus 


the tact that a great part oft hamd sewing is done by 


vwople who have reached the age where the use of eve 


rlasses is necessary for any close work, makes the matter 


f luchting for sewing doubly important 

place guess work and for ther « irage and determina 

t ittack plex ble na ind a The tooteandles fro equipment in a test room ob 

ner it Dieasu t nvratulate the author viously exceed those obtainable on the working plane 

or 1 wor ‘ * attack wl h has resulted wu 1 worth iro Bu ar equipment used i the average home There 
wl , bution. | hone the = ntinue their work enough difference in these lumination values to in 
wate the for st greater efficenev im portable 


hghting results. 


Many BF. Deowps**: The introduction to th paper states 1 hear y concur in the authors’ suggestion that the 
fien overlooked. or un LES. revise upward its recommended footeandle levels 
chnowledsed The clear recognitios f the points is sewing My own expenence warrants the opinion 


recommendations for the vartous elassifieations 


conservative 


Ml Hobeiendes and VW Preshrey say “this study There's a real poh to be done to provide the quantity 


‘ ‘ the pu first. of vestigating amd qualitv of tiuminatior needed within the home for 

he r} rom ther «ft satixfacto for hand sewing ewing as well as for other visual tasks. ILE.S. studies 

' » ‘ The , ’ ws the diversity f factors sueh as this one and others, covering ghting for a par 
trenlar task, render our in the field easier. give 


Sales 


we 
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this paper 
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New Semi-Automatic Distribution Photometer 
and Simplified Calculation of Light Flux 


N THE relatively few years since the introdu 
tion of the fluorescent lamp more changes in 
photometric technique have taken place than in 
the period of over half a century between fluores 
cent and the inception of the filament lamp. Among 
the many improvements the following three are 
perhaps the most outstanding and deviate the most 
from former practice 

Visual photometry which had been used almost 
exclusively for measuring light distribution from 
filament lamps and lighting equipment was re 
placed by light sensitive cells and indicating instru 


Not only was this true in the laboratory but 
1 


ments 
also for portable light measuring devices 

There was a shift from direct current energy and 
storage battery banks to alternating current fur 
nished through voltage stabilizers, regulating and 
filtering apparatus 

The third and most recent innovation is the use 
of automatic recording equipment for plotting light 
distribution curves which have effected savings in 
time and labor and have made feasible simplified 
caleulations. A new equipment and a new sim 
plified method of calculation are the principal sub- 
jects of this paper 

Methods usually employed at the present time to 
determine light distribution characteristics of fluor 
escent lighting equipment require a number of 
readings depending upon the classification of light 
distribution from the luminaire. Many of these 
have been adequately described previously.2. About 
30 readings are taken on totally direct and totally 
indirect distributions and some 60 measurements 
are taken on semi-direct, general diffusing and 
semi-indireet classifications. These calculations re 
quire considerable time in addition to the actual 
laboratory work. Automatic recording and simpli 
fied caleulations contribute to reduce substantially 


these time absorbing operations 


The R cording Instrument In order to reduce 
work and the calculation time, the 


the laboratory 


onference of the 


Society held September 20.2 1944 
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New Semi-Automatic Distribution Photometer 


By GEORGE R. BAUMGARTNER 


indicating microammeter was replaced with a re 
cording type instrument,* such as shown in Fig. 1 
This instrument has a 10-inch horizontal deflection 
and there are one hundred divisions across the 
scale. The chart travels vertically downward at a 
speed of 18 inches per minute which may be varied 
depending upon the gear ratios selected 

The instrument has high sensitivity and its re 
sponse to changes in illumination is practically in 
stantaneous With a single light sensitive cell 
equipped with color-correcting filter a full seale 
deflection representing 1000 candlepower may be 
obtained at a test distance of approximately 20 feet 
The color-correcting filter used has an absorption 
of approximately 90 per cent; if the filter is omitted 
a full seale deflection would, therefore, represent 
100 candlepower. Further sensitivity increase may 
be obtained by adjustment of the potentiometer 
used across the amplifier input 


The Luminaire Supporting Mechanism 
The luminaire supporting mechanism (Fig. 2) 
consists essentially of two parallel channels six feet 
apart mounted on the ceiling beams of the labora 
tory twenty-four feet above the floor. Riding in 
each channel are two individual sets of wheels fur 


nishing a four-point suspension for the eight-foot 


RECORDING INSTRUMENT 


CONTROL PANEL 


TRANSFORMER 


VARIABLE VOLTAGE 
TRANSFORMER 


COPPER 


Figure 1. Recording and contro] instruments. 
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Figure 2. Luminaire supporting mechanism. 


track. The circular track, therefore, 


may be moved bodily along the channels 


circular 

Riding on this circular ‘‘T’’ track are four more 
sets of wheels which provide a support for a trans- 
Thus the ‘‘I"’ 
assembly may be rotated and moved laterally to 


verse ‘‘I"’ beam beam and hoist 


position the luminaire under test. The ‘‘1’’ beam 


earries two 250-pound electric cable hoists 


These 
are also mounted on wheels which provide variable 
spacing between hoists to accommodate fixtures of 
different lengths 

With this type of mounting, the lighting unit 
may be moved horizontally or rotated through 180 
on the tracks and positioned vertically by means of 
the cable hoists. The entire mounting is positioned 
on the parallel channels by hand and remains fixed 
for the duration of the test 

The ‘‘1l"’ beam and hoist assembly is rotated on 
the circular track by means of an electric motor 
and reduction unit carriage which is controlled 
from below. The circular track is indexed at 45° 


intervals and a reference line is located on the ‘‘1"’ 


broadside, end 


beam support for setting angles 


PINION & BEVEL 
GEARS 


CELL ARM 


Figure 3. Rotating arm counter 
weight and driving assembly 


Vew Semi 


equivalent to 5 degrees of angular travel 


tutomatic Distribution Photometer 


The electric hoist 
motors can be operated from below either together 
or individually for positioning and leveling the test 


wise or any intermediate angle 


unit. The movements of the luminaire during a 
test may be clarified by the general views in Figs. 
9 and 10 


The Light Sensitive Cell Rotating Arm 
and Driving Assembly 


The rotating arm supports the light cell at a dis- 
tance of 20 feet from the luminaire center. The 
arm is built up of two pieces which are framed 
together with a saw tooth bridging to increase 
strength and stiffness. In this construction the 
counter balance arm is limited to 24 inches. The 
counter weight is made up of the motor driving 
assembly and two pieces of steel plate all mounted 
on the short end of the arm. Substantially perfect 
balance resulted with a total of 180 pounds. (Fig 
3 

At the far end of the cell arm another arm is 
attached to position the cell five feet out from the 
supporting arm 

A 1/25 hp. synchronous motor is used to swing 
the cell arm. The drive includes a variable speed 
reduction unit‘ and magnetic fluid clutch. The 
magnetic fluid clutch is used between the reduction 
unit and the gear drive as a safety feature to pre- 
vent damage to the parts and also to provide slip- 
page so that the cell can be rotated by hand quickly, 
if desired 

joth the cell arm and recording chart are driven 
by synchronous motors to keep in perfect step re 
vardless of line frequency variations. The cell arm 
moves 180° in one minute and as previously men- 
tioned the chart speed is 18 inches per minute. 
Therefore, one inch on the chart represents a 10° 


angular movement of the cell. The transverse 


rulings on the chart are 4s inch apart and are 
A verti- 
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eal distribution from 0° to 90° or 90° to 180° re- 
quires one-half minute and a chart travel of 9 
inches. Since both chart and arm speeds are ad- 
justable more open or compressed plots may be 


used. 
Vertical Track for Cell Arm 


Having a ceiling height only slightly in excess 
of the required test distance (20 feet), distributions 
from 0-90° are taken with the luminaire up, near 
the ceiling and the cell swinging below the unit 
Distributions from 90° to 180° are made with the 
luminaire lowered nearly to the floor and the arm 
swinging above it 

The entire rotating arm assembly can be moved 


vertically on a guide composed of two 6-inch chan- 


PLANE A CANDLEPOWER CURVE 


PLANE 8 CANOLEPOWER CURVE 


PLANE C CANOLEPOWER CURVE 


Figure 4. Candlepower recorded curves. 
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A 
Figure 5. Relation of plane segments to 360 degrees. 
nels. A wire cable attached to the face plate runs 
over a 6-inch pulley at the extreme top, returning 
down the back side of the beam to the counter 
weight for the entire arm assembly. Both the arm 
assembly and the counter weight are fitted with 
wheels which ride on the edges of the channels 


The top pulley is driven by a 1/10 hp. motor and 


reduction unit and will raise or lower the rotating 
arm 20 feet in approximately one minute. 


Recorded Candlepower Curves 


Fig. 4 shows the recorded candlepower curves 
for vertical planes A, B, and C. The bottom scale 
of the chart in this position is the left margin when 
the curve is being recorded. 


Lumen Computations 


Fig. 5 gives a picture of the relationship of the 
vertical planes, A, B, and C, to the test luminaire 
and the proportion each segment bears to the com- 
plete 360 

As may be noted, plane A represents two seg- 


around the luminaire. 
ments 45° wide totaling 90° and equal to one- 
fourth the entire 360°. Plane B also represents a 
(one-fourth) to the total 360°. 
however, represents four segments 45° 


similar relation 
Plane 
wide adding up to 180° or one-half the total around 
the luminaire 

It can be readily seen that segments represented 
by planes A and B should each be given one-half as 
much weight as plane C. Thus when lumens are 
computed, candlepower values for planes A and B 
should each be multiplied by one-fourth the verti- 
eal zone lumen constant and candlepower values 
for plane € should be multiplied by one-half the 
vertical zone lumen constant 
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PLANE 446 PLANE C 
LUMEN CHART FOR ZONES LUMEN CHART FOR ic” ZONES 


Figure 6 


There are several methods for computing lumens corded candlepower curve when the transparent 


The candlepower values may be multiplied by the lumen chart is superimposed on the recorder chart 
fractional lumen constant or they may be weighted Fig 7). At each zonal mid-point (5°-15°-25°, ete 

averaged, and then multiplied by the usual zonal where the candlepower curve crosses the lumen 
lumen constant. Another approach eliminating the scale, the lumens may be read for each zone. For a 
use of slide rule or calculating machine can be used 1000-candlepower seale, lumen charts should be 


in the form of a weighted lumen chart for each multiplied by ten. For example, from Fig. 7 the 


plane as shown in Fig. 6. The lumen chart consists lumens in plane A for 0-10° are 17.5; for 10°-20 
: of a group of seales at 10° intervals beginning at 92. 2O°.320°, 83; ete. The lumen chart used has 
o and continuing 15°-25°, ete. te 85°. These in seales which are one-fourth the usual zonal con- 


dividual seales are derived by multiplying a 100 stants 


candle power s« ale by either one quarter or one half 


Recorder Scale Calibration 


the lumen constant for each 10° zone beginning . 
with the 0-100 zone The adjustment of the recorder seale in candle- 

This saves considerable time by permitting the power is by a substitution method. The lamps to be 
lumen values to be obtained directly from the re used in the test luminaire are mounted on a check 


4 | 
J Figure 7. Lumen chart superim- 
| | + posed on recorded candlepower 
4 J | plot 
| 
>} 
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Figure 8. Light cell checkup. 


up rack supported by the electric hoists and placed 
in the low position. The lamps are tilted by raising 
one end, thus reducing mutual heating during 
checkup. (Fig. 8). The checkup rack has a black 
separating fin between the lamps to eliminate inter- 
reflection between lamps.* 

The lamps are operated on the ballast equipment 
in the luminaire. The ballast is supplied through a 
stabilizing transformer and rated voltage is set by 
a variable voltage transformer. The cell arm axis 
is lowered to a point opposite the center line of 
the checkup lamps and the cell arm extended hori 
zontally which aligns the cell perpendicular to the 
lamps and in a plane intersecting the mid-point 


between the lamps. By means of the potentiometer 


Figure 9. Photometer and cell in position to start record- 
ing of plane A. 
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on the recorder the stylus is set at 454 candlepower. 
It has previously been determined that dividing the 
lumen output of a fluorescent lamp by a standard 
factor of 9.25 gives the candlepower perpendicular 
to the lamp. The candlepower from a single 40- 
watt lamp when delivering 2100 lumens is 

Two lamps, therefore produce 454 candlepower 


After the checkup the lamps are replaced in the 
unit which is then hung on the hoist hooks. The 
luminaire is raised to the uppermost position 22 
feet above the floor; the cell arm is raised on the 
vertical guide until its axis is opposite the center 
point between the lamps in the luminaire. The 
arm is swung downward to place the cell at the zero 
degree position directly below the luminaire, (Fig. 
%). Everything being in readiness, the cell arm and 
chart motors are started simultaneously and the 
candlepower curve. is traced on the chart for verti- 
cal plane A from 0° to 90 
At the end of the run just completed the cell arm 
The cell arm and unit are lowered to 
The cell arm and chart 


is horizontal 
2 feet from floor. (Fig. 10 
motors are again started and the candlepower curve 
to 180 


completed for plane A from % 
The luminaire is positioned on the circular track 
for planes B and C and the above procedure re- 


peated 
After recording candlepower distribution for the 
three vertical planes the lumens are determined as 


Figure 10. Photometer and cell in position to continue 
recording of plane 4. 
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previously described. The lumen values are totaled 
and the sum divided by the rated output for two 
40- watt 


of the luminaire 


lamps. This gives the over-all efficiency 


The cell housing pick-up covers an area of about 
10 feet square. To minimize floor reflection errors a 
flat black ba kground should be provided when the 
test unit is in the lower position 
present clay 


Recause of the long dimensions 


light sources test distances of 2 rv more are 


required When hie 


test | j " 


rizontal test setups are used the 
ounted in other than 
normal operating position This has re 
abnormal lamp operating ten perature 
mechan 

lems have beet 

s photon 


ing used in ti 


in its normal position of operation 


Calculation of Utilization Coefficients 


The « ulation of coefficients is generally con 


dd an involve 


silere d and time-consuming operation 
The 

time re 
believed that the 


which can be readily followed by 


not greatly reduce the 


quired ' pl sh these results but Is 


operation has been reduced to a 


routine a higher 
percentage of individuals in the lighting industry 
When the detailed 
derived, the 


Fig. 11). From 


horizontal 


lumen output data have been 


first step is to make up a work sheet 


these caleulations are obtained the 


upward and downward lumen per 


centages which are the basis for the coefficient cal 


culations 


In order to determine the utilization efficiency, 


the indirect, horizontal, and direct components for 
a given lighting unit are multiplied by the funda- 


mental factors which were developed by Harrison 
and Anderson’ for various room sizes and finishes 


A fter the values are obtained for one room size and 


‘ 


Preliminary work sheet for coefficients of 


utilization. 


Figure 11 


Figure 12 


Iufomatn 


Veu 


Front view 


Instribution Photometer 


of coefficient calculator. 
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TABLE I.—-Tabulation of Values for Room Index A, 
75% Ceiling, 50% Side Wall 


Mor. Direct 


Percentages from Work Sheet 36.7 ‘ 
Factors from Tables. Amick" 5 65 

Coefficient of Utilisation 


finish, the three components in percentage of lamp 
output are added together to give the final utiliza- 
tion coefficient for this room 

Three nomographs for indirect, horizontal, and 
direct components are etched in an aluminum plate 
The lu- 
men output percentages derived from work sheet 
Fig. 11 are to be set on the respective vertical 
scales. 

One feature of this calculator is that once the 
vertical sliders are set they remain fixed for the 
The right-hand sliders are adjusted 
so that the appropriate basic factors for room sizes 
and finishes are indicated on the three slanted 
The three nomographs each perform a 


equipped with sliders and scales, Fig. 12 


entire series 


scales. 
simple multiplication and by an inter-connecting 
thread the three resulting products are automati- 
cally added which indicates the coefficient of utiliza 
tion by the pointer on the top horizontal scale 

An example of the operation of this machine is 
shown in Table | 

The photometry of fluorescent lighting equip- 


ment requires considerably greater vigilance be- 


cause of auxiliary operating equipment for lamps, 
color of source, temperature effects on light output, 
and source size. All of these as well as larger 
mechanical equipment required for mounting 
heavier and bulkier luminaires contribute to greater 
time expenditures. In view of this, therefore, the 
reduction in over-all laboratory and computation 
time in many cases justifies the initial investment 
by the savings effected in the test work routine 
The author wishes to give credit to Mr. G. 8S 
Merrill for the basic principles used in the nomo 
graphs and thanks to Messrs. V. W. Jones, E. P 
Meko and W 


the construction of the new recording photometer 


R. Stephens for their assistance in 
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purehased and installed a reeorder which could be actu 


Early last year the Bureau of Standards 
ated by either barrier layer photocells or thermopyles 
It is interesting to note that immediately and independ 
ently, three companies followed suit, each without the 
knowledge of the other two. John Bock at Schenectady, 
George Baumgartner at Cleveland, and we at ETL 
Each employs a different recorder; all three accomplish 
substantially the same result, 

Mr. Baumgartner’s ingenious method of picking off 
lumen values is extremely interesting and valuable. We, 
however, must plot the individual curve and give the 
candlepower and lumen data for the average curve. For 
this reason we have proceeded on a rather different tack 

ETL is fortunate in having Thyrotron controlled volt 
age which holds the line within 44 per cent and in gen 
eral to within 1/10 per cent 

The original equipment developed for tests of fluores 
cent units at ETL was designed around the 4-ft lamp, 
using a 20-ft distance or at least five times the maximum 
dimension. Before the equipment was completely de 
veloped the 5-ft lamp came into being. Changes were 
made to accommodate this length and the distance in 


creased to 25 feet. No sooner had this been accomplished 
We hope that 


no longer Jamps will be forthcoming, as our backs are 


than the 8-ft lamp was thrust upon us 


now against the walls, using a 40-ft distance 

The scheme for mounting the bare lamps as well as the 
unit is somewhat similar to that described by G. A. Hor 
ton,** that is, it consists of three forks, the inner one 
turning the unit of lamps in any position around the axis 
of the unit. The middle fork orienting the unit with 
respect to a line normal to the axis and passing through 
nadir and zenith 

The third or outer fork is capable of revolving around 
the vertical axis passing through the center of the unit 
When the candlepower distributions are made whether 
parallel, normal or 45° to the tubes, the unit is always 
rotated around a vertical axis, 

The rotation of the unit is controlled by a synchronous 
motor revolving the outer fork at the rate of one revolu 
tion in siX minutes 

At ETL the standard is set with the bare lamps viewed 


by the cell through the murror, The mirror is hinged so 
that it can be folded down out of the way when not in 
use, It also forms a convenient screen for the floor. Rods 

trical Testing Laboratories, Inc. New York, N. ¥ 
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with lamp terminals are placed in the fixtures so that the 


bare lamps can be operated on the fixture ballast 

The bare tubes, as far as possible, are placed the same 
(istance apart for each standardization and correction 
Tor the added lyght due to interreflection m applhed 

The series of curves gure | of the paper) is the 
result of an investigation to deter ne the imereased 
candlepowe due to for different namber 
amd spacing of 

After tandarcdizatiosn the bare tubes, the fork i 
reversed and the tubes are removed and placed im the 
unit, which on the «le the tork 
Thee can be done im a ‘ with we year sprocket 
tel chan The tork earrving the unit turned through 
that the unit now ewel through the rr 
hy the cel! 

The fork earrying the wa irmed 45 with the 
jminaire tacing the ‘ rror turned down 
ward The unit m onrentes desired angle with 
t he Vertien at ve wih a worn 
year An mw can be completely removed by the worm, 
cham amd sprocket The to the prount 
where the reflection from the floo entirely eliminated 

The pretractor attached the ute tork os projected 
sith a magnification of cinnete 

\ selavn ste nveiving a uitte 
refer attached to the outer fork and a <vuchronous re 
ever rotor above the reeord nye device which 

located on another flow rediente the angle 
it which measurements are bei miele These angles are 
slso umdieated through eleet ries ninet 

The svnehronous motors that respectively rotate the 
oute tork ined the recorde im a » tha 
he ple ! shout the opposite sides o 
thie are super device pet tling 
rapid checking averages 

ly te a ur ‘ the chart a 
practicable, the anit is started at 0 nadir) with the pen 
at imdien n The unit placed at an angle of 5 
the the vnehroneu started amd at the 

View Ne I’) 


ix started and a con- 
A clutch on the 
the 


reaches © the recorder 


is plotted up to 140 


instant if 
tinueus 


notor is released, the fork brought back to 5 


curve 
on 
left, the synchronous motor reversed, the chart on the 
and the previews procedure 


recorder brought back to 0 , 


followed for the three additional planes measured 


this way, the unit is measured in the four quadrants and 
the plot for opposite sides are superimposed For the 
luzht above the horizontal the inner fork carrying the 
unit is rotated 180° and the light in the upper hem 


«phere investygated 
The agreement between the pout by peint potentrome 
reeorder is excellent 


ter indicator method and the 


is to be congratulated 


on 


H. Wvern* 


presenting a 


Mr 


very 


Baumgartner 


interesting paper which should be 


considerable assistance laboratory interested 


large number of 


n building equipment for drawing a 
distmbution curves automatically 


It is well known that the versus current relation 


ship is approximately linear for barner laver cells when 


+ & Northrup Compar 


emore cars| : — 


Figure I. Circuits for microampere (null current) recorder. 
A. (Above) Basic circuit. B. (Below) Circuit with filter- 
ing and damping components added. 
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the cell is used in a circuit of “zero resistance.”'. As 
it is the short cireuit (zero voltage) current that is the 
linear function of the radiation, a current reeorder has 
been developed of the slidewire null type which presents 
zero voltage across the barner laver cell at balance 

The drawing in Fig. 1A shows the basic cireuit and 
Fig. 1B the same circuit with filtering and damping com 
ponents added to adapt it to the electronic type auto 
matic recorder 

The null current recorder employs a sensitive feed 
back amplifier and permits current ranges of 0 to 0.25, 
to O05, and 0 to 10 microampere full seale 

For the curves shown by Mr. Baumgartner, the 10 
angles are equally spaced on the time axis of the strip 
ehart. The chart speed of 18 inches per minute permits 


precise reading of angular position. For many photo 
metrie engineers, a polar diagram of angle versus lumens 
ts easier to visualize and use 

Fig. ITA and TTB show a type of round chart recorder 
which has a cireular chart driven by a selsyn. The pen 
operates over a zero to 5” 6oradinus The same type oft 
“zero resistance” null eurrent cireuit as is used in the 
strip chart recorder ‘deseribed by Mr. Baumgartner ear 
be used in this round chart reeorder 

For research work both the strip chart and the polar 
chart are useful. For routine measurements by lamp and 
fixture manufacturers, the polar recorder may prove 


more desirable 
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G. R. Bacwoartyer: One point which requires further 
emphasis is the error encountered in testing fluorescent 
luminaires when the test distance used is not five times 
the length of the source. In the past it has been gener 
ally accepted that the per cent variance from the inverse 
square law applied to fluorescent photometry. This is not 
essentially true. The deviation curve indicates an error 
of about 2.5 per cent when footeandle measurements 
are made normal to an eight-foot source at a distance of 
20 feet or 245 times the length instead of 40 feet or 5 

times the source length 
It should be remembered when running a candlepower 
distribution curve that a substitution method is employed 
For example, the eight-foot lamps used in the test lumi 
naire are also used in the ealibration of the light cell 
and recording instrument at the same test distance. The 
error resulting from measuring at closer than 5 times 
source length, namely 20 feet, is present in the ealibra 


tion which partially compensates. Furthermore, the 2.5 


per cent error is obtained when the illumination is mea 
sured perpendicular to the souree. This occurs only 
vhen the candlepower measurements are made in the 
\ plane perpendicular to the anit. In the B and ¢ 
planes and at the hurher angles in these planes the source 
is foreshortened 

The author wishes to point out that the deviation from 
the inverse square law does not necessarily apply to 
distribution photometry of eght-foot sources when a test 
distance of 20 feet is used. The difference is materially 
less than 2.5 per cent for the reasons given, namely, 
1) the ealibration by substitution method and (b) the 
foreshortening in Band © planes which represent greater 


en Zone aren. 


Cold Cathode Lights a Detroit Classroom 


In the relighting program for 
some 620 Detroit classrooms, cold 
cathode installations are contem- 
plated, of the type shown here 
Six fixtures mounted on the exist 
ing outlets have been used in this 
standard classroom of 22 x Ww 
with a 12° ceiling. Each fixture 
uses four 120-ma cold cathode 
lamps rated at 2409 lumens per 
lamp. Total wattage of the in 
stallation, including ballast loss, 
is 1272 watts 

An average of 30 footcandles 
of uniform illumination is pro 
duced throughout the room. The 
relatively low brightness of the 
lamps and the use of light ceil 
ings produced low brightness con 
trast between the fixture and the 
surroundings, and have resulted 
in well-diffused overall lighting 

Installation by Illuminating 
Engineering Company, Hazel Park 
Michigan 
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Comparison of illumination levels of stock bin installa 
tions with fluorescent and filament lamps, after approxi 
mately six months operation 


262 Fluorescent Fidament for Lighting Stock Bins 


Fluorescent 
Vs. 


Filament 
For Lighting 
Stock Bins 


COMPARATIVE study of fluo- 
rescent and filament lamp stack 
lighting luminaires has been car 
ried out at the Westinghouse Electric 
Supply Company, Cleveland, Ohio. Some 
of the 30-foot aisles of the stock room 
used in the experiment were illuminated by a con- 
tinuous row of seven luminaires, each containing 
one 40-watt fluorescent lamp see photograph 
above Since the fluorescent lamp is lower in 
brightness when viewed lengthwise, shielding was 
considered unnecessary for this application Other 
bins were lighted by 100-watt filament lamps in 
stack lighting luminaires (five per row). Aisle 
widths varied somewhat 

Illumination levels after approximately six 
months operation are shown in the drawing at left 
All readings were measured in a vertical plane with 
an incident-light-corrected, multi-cell light meter 
These data show that the continuous light source 
provides the more uniform longitudinal distribu 
tion. The large variation in illumination from top 
to bottom with both methods is due to the wide 
range in distance from luminaire to the lighted 
surface 

A cost analysis showed that the overall cost per 
footeandle was twice as much with filament lamps 
as with the fluorescent. However. the filament 
lamps are more practical in cases where the stock 
aisles are entered infrequently and the lights are 


turned on for short periods of time 
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Lamps for Aircraft, Aerodrome and Airway Lighting 
1.E.S.—S.A.E. Recommended Practice of Lamps for Aviation 


Prepared by Joint 1ES-SAE Subcommittee on Aviation Lamps 


Foreword Committee and the SAE Lighting number, if any, and include essential 
In the interest of guiding design Committee has prepared two “Recom design data of interest to equipment 


practice toward the use of lamps best mended Practice” lamp tables. One of designers 


suited for each of the various aviation these covers lamps for aireraft light It should be emphasized that these 
lighting applications, a joint subcom ing, and the other covers lamps for tables do not include all of the lamps 
mittee of the IES Aviation Lighting aerodrome and airway lighting now available or now used in the vari 
Approved by the Council of the Iuminating These tables list the lamps by appli ous aviation lighting applications. In ¢ 


Engineering Society January, 1949, Approved cation. They identify the trade num omitting some of the lamps now em 
*y the Society of Automotive Engineers Janu 
ery, 1950 bers of the lamps, the Army-Navy part — ployed, the committee had no intention 


LAMPS FOR AERODROME AND AIRWAY LIGHTING LES SAE RECOMMENDED PRACTICE 
The lamps shown are those recommended for the service indicated. This list is not intended te 
be « catalog and hence does not include many types of lamps now in use 


Runway Threshold Higt In @6A 200W Ti4 Met Pref c.13 24 5% 4800 75 1 
tenerty 
2 Runway Threshold High In pisve OW T2 Ved Pref cup 2A 5% 1300 25 


tensity 


Approach, High Intensity 250W PAK 56 2 Contact Lugs C4 1% 100 
4. Approach, High Intensity 115 4cow PAK 56 2 Contact Lugs eo. 5% 100 4 
5. Approach, High Intensity 115Vv* 5000W T64 Mog Bipost 1 “4% is\ 164000 75 5 
6. Elevated Striy Runway Thres @ 6A 10W T10 Med. Pref 1% ait 450 1000 
hold, Taxiway 
7. Elevated Strip Runway Three 115V* 40w T10 Med. Pref 1% ai} 425 1000 7 
hold, Taxiway 
Elevated Strip Runway, Thres ry Ved Pref 740 1000 
hold, Taxiway 
Elevated Strix Runway, Theres 115% Med Pref 1% 122 1000 
hold, Taxiway 
10. Boundary*, Wind Tee \ 25W Ai9 M s ce 2' Thi 260 100 10 
11 Obstruction* i \ 4.19 Med 2% 550 1000 1! 
12. Obstruction* 115V" A2i Med. Se ces a4 685 2000 i2 
1%. Obstruction AQ Med ce 3 ay 1300 S000 
14 Runway (low (ntensity), Bound 115V* sow A Med. Pref 2% 5A 870 2000 
ary, Taxiway 
15 Runway (Lew Ictensity Bound. 6 i251 Med Pref LA 1220 2000 if 
ary, Taxiway 
16. Range. Kunway. Threshold (Low 115V* A2i Med Pref 24% 5A 1170 2004 i6 
Intensity) 
17. Range, Runway. Threshold Low 6A a2 Ved Pref 24 1000 2000 i7 
Intensity 
18 Beacon Aerodrome Airway. Has r2 Hipost 7% 10004 600 1* 
ard, Landmark 
19. Meacon (Aerodrome Airway, Haz r20 Mog Bipeost C1 ‘4 25500 600 19 
ard, Landmark : 
Beacon (Aerodrome Airway. Haz r20 Mog Bipost | 4 20500 500 20 
ard, Landmark 
21 Bea ‘ rome Airway T2 Med Bipost 7% 500 21 
Co Light. Hazard) Landmark 
22. Beacon Aerodrome)‘ PAK 56 Se. Term ce 500 22 
29. Beacon (Obstruction Marker 220W rs Mog Pref ce 1400 23 
24 Beacor Identification, Obstruction 115V* Mog Pref CTA Sth 10800 3004 
Marker) 
Floodlight (Landing Area or Run my 1500W T24 Mog 10% 42000 100 2% 


Run Mog Bipost 5% #8500 100 26 


Landing Area or 


27) Ceiling Projector 12\ 420W Mog Pref ite 64 10600 10 27 
2% Ceiling Projector g00W Sleewe t% 65000 
26 Landing Direction [ndicater T S14 Med Se cs 2% a% 79 150 20 
trahedron 
Air Traffic Sign “ay 50W Ta D.C. Pret ©2V is 50 80 
21. Air Traffic Signal gow T*® D.C. Pref cc i i% a1 
2. Channe Water ow tireer T5 Min. Bipina 
Channel ( Water Green TA Med. Bipin i* a0 a3 
14 Channel Threshold (Water ow frold TS Min. Bipis 
Threshold (Water iW fold T® Med. Hipin i* 175 as 


‘Recommended for use on tx having non scheduled operations 


on airports having scheduled operatior 


volt lamps are available 


*Air cooled high essure mereur to he weed th auxilery of proper desigr 
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to 


the design of 


Their objective was, in the light 


new equip 
nent 
of available knowledge, wherever pos 
sible to guvle design toward the use of 


the he«t lan ps tor each service 


The subcommittee which drew up the 


tables ix still active and plans to make 


revisions from time te time m keeping 


with new knowledge and advanced 


Thus the 


eng inerrs 


practices lighting equipment 


design ean have at their 
thee 


nformatioon which represents 


latest recommendations on the part 


lamp and equipment engineers 
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Rorer, Chairman 
J. M. Roper 
RK. A. Rugge 
SAE Lamp Committee 


of the above 


and 


committee 
approved through 


the Aviation Lighting 


Baapy, Chairman 
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Chairman 


Secretary 
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mmended for the serv 
and, hence 


ataiog 


amps ow it 


A. L. Lewis 

R. E. Madigan 

W. E. K. Middleton 
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LIGHTING NEWS OF CURRENT INTEREST 


Summary of Action Taken 


at Council Executive Committee Meeting 


the Counel 
held at the 
Union League Philadelphia 
March 8S. Vice-President Walter Stur 
rock presided in the absence of Pres 
dent C. H. Goddard 
Hibben, Vice-President; E. M 
Strong, Treasurer; A. H. Manwaring, 
A.D. Hinekley, Ex 
ecutive Secretary; C. L. Crouch Teeh 
nieal Lhreetor; G Ross 
Editor-in-Chiet LE.S. Publications; 
E. Ellis, 
Manager; 
Bond, R. M 

Fred M. Pyle 


The regular meeting of 


Executive Committee was 


Club in 


Present also were 
~ 
‘ieneral Secretary, 
Henninger, 
Advertising and Promotion 
and F. R. Adair, Conrad F 
Hoot, T. W 


Lauer, and 


MeMBERSHIP STATISTICS 


Acting favorably on the reeonmen 
dation of the Board of 
» elected to Member Emeritus 
Hobbie 


LES 


Examiners, the 
Committe 
grade, E. H 
Member of 
member of Couneil. 

The Board of Examiners, BE. M 


Fahey, Chairman, reported farther on 


long distin 
guished and early 


their election of S83 Associates and 3 
the 
Members 


report, to 


recommended 


22 full 


Students, and 


thon or transter of 
Favorable action on their 


gether with other changes brings the 


membership figures to those shown in 

the following tabulation 

September 30. March 8, 1950 
949 1950 


vial Mer 


embers 


hershiy 


Pmert 


ate Members 
Members 


f the Soviet 
The Executive, Secretary presented 
comparison of embership additions 


luding March ¢ 


inl losses actions be 


194s 


of 19495 


tween the t five months of 


1950 


tions to date running somewhat ahead 


of last vear’s reeord 


SUSTAINING MEMBERS 


Two new Sustaining Members were 
recommendation of 


Added 
Menihe rs 


elected, on the 


George J Tavier, Chairman 


to the roster of Sustaining 


were 


ontractors 
Hook Cadille 
Michigar 


Representative 


Detroit Elect 
627. 628 Hotel 
Detroit 


Carl 


Tristate Electrical Supply Co 
* S Petoema treet 


Maryland 


Representative 


Hagerstowr 
(ficial 


A. H 


reported the 


Robert A. Stott 


General Seere 


Manwaring, 


tary, eireulation to all 


Sustaining Members of the new Society 


Brochure together with his letter cov 


ering the report of the General Secre 
fiseal veur He 


tary for the previous 


mentioned several appreciative replies 


from Sustaining Members 


Lacan ACTIVITIES 


S. G. Hibben, Chairman of the Lo 
cal Activities Committee, reported con 
siderable activity in two locations lead 
ing to the establishment of new chap 
ters. The local re presentatives in Jack 


son, Mississippi (Damiel Charbonnet) 
and Toledo, Ohio (BE. F. Schmidt) have 
active programs well underway mn these 


locations Mr. Hibben 


interest in possible Student 


also reported 
eXtensive 
number of univers! 


Branches trom a 


ties throughout the eountry 


local actis 


interes te (ar 


hes prograr ot special 


viian members 1s 
th the Cana 


Montreal, 


planned mn 
Conte 


Lh | 


tian Rey ona renee in 


May 10, Mr 


Lighting News of Current Interest 


bet ween incoming and outgoing local 


officers has been called for June 6 in 
New York City. All 1950.51 
and Chapter officers will be invited to 
the 


Section 


meet with each other, as well as 


fullalay 


Officers al 


outgoing officers, for a 

ference on local activities 
tending this meeting in the past several 
vears have found it an invaluabe aid t 


their administration 


1.E.S. Research Fund 
Submits Annual Report 


and organizational 


Pe rsonnel 
changes, and general research activity 
were reported by the LES. Research 
Fund in its annual report for the year 
1949. As covered in detail in the Janu 
ary issue of [ILLUMINATING ENGINEER 
ING (page (i) researches were reported 
to have progressed to the point where 
three completed and four progress re 
to the Reseach 


Executive Committee, and one has been 


ports have been mace 
processed and approved by the Trus 
tees with recommendation for publica 
thon, Contracts for two more projects 
were reported to have been drawn up 
still further 


studied 


proposals being 


with 


Boarp or TRUSTERS 


Elections held December 7, 1949 for 
replacement for 
the Board of 
re-election for 
thony W. Deller, Mr 


continuously from the 
1940 the 


one expired term of 
Trustees resulted in the 


five more vears of An 
Deller has served 


Fund's 


following 


ineep 
tion. During men 


served as members of the Board with 


the terms as shown 


troddard 


Executive 


In accordance with the mons of 


Trust F 


pros 


taken by 


und, action Was 


4 * 
Association 
2. Schoeninges | 
| 
4 

| 

a 
152) Member 1587 

Stud 92 re-elected for 5 more yee 
Barker Te 2 
‘ rad Heres To Oet 
AWA CONFERENCE 
and the first tive months Emm 
He noted that the records in the two A special conference for the inte ee 
: vears were comparable with resigna change of ideas on operation method aT rrr ee 


the Trustees to fill vacancies in the 
Kxecutive Committee caused by the ex 
piration of the terms of two members 
From the list of candidates presented 
by the Couneil of the Illuminating En 
members were 


Zabel 


re-elected for 


gineering Society, two 


appointed, namely, R. M and 


George RK. Harrison 


a term of three years). The members 


of the committee and their terms are 
as follows 

Ward Harrison To tht 2 1950 
Howard To ‘het 2 1950 


J. Krachenbuehi To Oct. 20, 1951 

Kailph M. Evans To Oct. 20, 1951 

George KR. Harrison To Oct. 21, 1952 

KR M Zabel To Oct. 20, 1952 
Orricers of THe 

By action of the Trustees at their 


1949, the follow- 
ing were elected to serve as officers of 


the Fund 


meeting December 7, 


4 F Wak i Chairman 

‘ secretary 
Ve Harrison Chairman 


Southwestern Regional Conference in 


they say about 


LES 


eonterenece, 


It must be true what 


Texas. Anyway, when mem 
there hold J 


everything about it is hg 


bers down 
Their papers 


Their 
ire pretty 


sessions are of national interest 


fun is fun. (And their girls 
see photos } 


Adol 


February 27-28 


The two-day Conference at the 
phus Hotel in Dallas, 


exemplifies this 


Puannep Sessiosx 


The 


ceeded by a full-day 


Conference proper was pre 
planned lighting 
which C. A 


manager of the 


promotion session, for 
commereial 
Power & Light Co 


Some 110 


Tatum, 
wrved as 


ittended 


Dallas 
Chairman 
this 

Hlerbert L. Nichols, Chairman of the 
Board for the Publi 


Service Dallas, opened the sessior 


prec pele 


season 


Southwestern 


with the subject “Importance of Light 


Sales to the Utility Industry.” 


ing 


(‘o. of Beaumont, Texas and Chairmar 
J Planned Lag 
sproke on “The 


of Region 
mittee, 
Fleet ri In 


anned = Lighting 


TELECAST 


Lighting News 


Dallas Outstanding Success 
Service Co., Plainview, Texas discussed 
“Planned Lighting Promotion in Small 
er Towns.” 

At the afternoon session on Monday, 
B 
trodueir 

RK. N. Hankings, 
the Albert Sechrist Manufacturing Co., 


the 


Barron served as Chairman in- 


vice-president of 
subject 


Denver, Colorado, on 


“Slimline Sales, Past, Present and Fu 


ture 

F. I. “Tag” Wilson of F. W. Wake 
field Brass Co.. Vermilion, Ohio, on 
“Planned Lighting Promotion for 
Schools and Offices.” Mr. Wilson as 
verted, with reason, that Texas has 


done more for school lighting than any 
other state in the nation, especially 
this field under 
Health De 


praising the work in 
taken by 


the Texas State 


partment 


Sales promotional session of 
Texas 


f Current Interest 


the Southwestern Regional Conference in Dallas, 
C. A. Tatum of the Dallas Power and Light Co. was chairman. 
100 delegates attended this session 


A “Round Table on Lighting Sales 
Planning” closed the meeting. 

Monday's luncheon, speaker was 
LE.S. President C. H 


addressed the gathering, on the So- 


Goddard, who 


ciety’s relation to the lighting industry 
The the Electrie Club’s 
reguiar luncheon with conference dele 
gates Mr. God 
dard stressed that the lighting industry 


meeting Was 


attending as guests 
has a big job ahead of ut 
“We must co-ordinate our efforts to 
put over a planned lighting program 
for the nation,” he asserted. “And that 
neludes not only these engineers who 
ire meeting here, but it must also be 
the 
men, and the public itself.” Mr 


sales 
God 


dard also praised the work of Texas on 


hoosted by manufacturers, 


its school lighting research 


TECHNICAL SESSION 


The technical program of the South 
western Regional Conference assumed 
National Conference proportions in the 
importance of the papers, presented 
by specialists from all parts of the 
country 

Opening the program at the morning 
session, was Dr MoU 
nieal Director for the Plaskon Division 
of Libbey-Owens-Ford Glass Co., To 
Author of The Handbook 


long a distinguished 


Bigelow, Tech- 


ledoe, Ohio 
and 
expert in his field, Dr 
sented “The Use of 


on Plastics 
Bigelow pre 
Thermoset Plastics 
in Lighting.” 


Pierson, a leading plasties 


expert with Rohm and Haas Co., Phila 
delphia, Pa., also spoke on “Thermo 
plastic Materials in Lighting.” Both 


More than 
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Mason manager of the - 4 
the New Orleans Public Service Co, & ~ 
and farm sales for the Houston Light 
ng and Power Co while Dan Jones ‘ 
Castle of the Southwestert Publie 


A group of those attending the ranch style dinner and square dance given in honor 
of President and Mrs. Charles H. Goddard, at the Southwestern Regional Con- 
ference, Dallas 


speakers discussed the current trend in 
luminous plastic ceilings in industrial 
lighting. 

Recent developments in fluorescent 


and commercial 


Barr 


lighting was discussed by A. C 
of the Genera! Electric Co., Nela Park, 
Cleveland, Ohio, in his papers “Color 


in Lighting,” at the morning session, 


and “Fluorescent Lamp Development” 
in the afternoon 

“Designing Downlighting for Com 
mereial Interiors” 


E. D. : 
ing Dept. of Pittsburgh Reflector Co 


was presented by 


Itree, manager of the Engineer 


The closing presentation of the tech 


nical session was a discussion of “Best 
Southwestern Lighting Installations of 


1949,” by utility representatives, 


SociaL Fr NCTIONS 


The Southwestern Conference must 
be one of the higher 


1.E.S. 


is presented wit 


highlights of an 
President’s travels. He usually 
h a ten-gallon Stetson 
and a Texas shirt which can only be 
described as terrific. 

The President’s Reception and “Ban 
quet” in Dallas, followed this tradition, 
with a ranch style dinner and Texas 


square dance. More than 100 people 


President C. H. Goddard (right) is presented with the traditional ten-gallon hat 
and Texas shirt at the ranch style dinner and square dance featured by the South- 


western Regional Conference in Dallas 


H. R. Heitzman, Southwestern Section 


Chairman (left) made the presentation. Ranch-style lighting also shown. 


aprit 1950 


attended the party. 

In true Convention style, a complete 
program for both days of the Confer- 
ence had been planned for the enter 
tainment of visiting ladies, in addition 
to the ranch dance 

A special luncheon with style show 
was featured Tuesday noon, and other 
scheduled throughout 


special events 


their stay 


ACKNOWLEDGEMENTS 


The hardworking members responsi 
ble for the success of the Conference 


were: 
OFFICERS 

Floyd A. Covington, Regional Vice- 
President 
Harris L 


Chapter 


Frazier, Chairman Alamo 


Harry G. Hrivnatz, Chairman South 
Texas Chapter 
Ernst, Chairman 
Mountain Chapter 
W. H. MeAdama, 
western Section 


Howard 


Rocky 


Chairman South- 


At the Dallas Conference, left to right, 

Floyd Covington, Regional V-P; Pres. 

C. H. Goddard, and R. L. Biesele, Di- 
rector of LE.8. 


Conrerence ComMirres CHAIRMEN 
V. J. Graham 

F. R. Army 

W. E. Folsom 
M. F. Baldwin 
W. T. Kim- 


General Chairman 
Co-Chairman 
Papers and Program 
Attendance Chairman 
Hotel and Arrangements 
ery 

H. B. Sudekum 

John G. Felton 

M. Rutherford, Jr. 
B. Barron 


Entertainment 
Finance 
Pubheity—P 
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The second general conference of the 
Southern Region of LES. was held at 
Atlanta, 

March 
The total registration of 211 


the Henry Grady Hotel in 

tieorgm, Monday and Tuesday, 
6 and 7 
persons ine luded 139 members, 
Attend 


ance came from all over the Region, as 


and 72 men and women guests 


is indieated in the accompanying tabu 
lation The first Seuthern Kegional 
Conference was held om Atlanta in 
May, 1944 

Two special presentations were mace 
with fitting ceremony as part of the 
conference program, One of these was 
the Charter of the new LES. Student 
ranch at M State ¢ ollewe, 
which wa 
Hl. Goddard to Kendall ¢ 


Chairman of the Branch 


presented by President ¢ 
The other award was a beautifal 
plaque est sblixhe! byw the Georgia See 
thon, to be awarded te Seetron, 


‘ haptet or Braneh m the Seuthern He 


howing the highest attendance 
factor at a Southern Regional Conter 
ene Thy tacter lerives! tre the 
pereentage of Mele embership of 
the loew! unit in registered attendances 


smd the distance in mules from the offi 
cin) home city to the conference city 
The Mississippi State College Student 


tranch won the plaque and the corre 


spoming privilege of beng the first te 


have its name insembel in one of the 
twelve places provided) on the prlag 
At the opening sessron, Regiona 
View President Joe Bo Browder pre 
Georgia Seetion Charman, Jack 
Murrah gave the address of 
tracing the histery of the development 
of the Region from the chartering of 
he first chapter im August, 149, to 
the present status of two Seetronms, four 
Chapters, a Student Branet a 


Residence Laghting Foruw 


President CGioldard addressed the 


Atlanta Plays Host to Second Regional Conference 


group giving a very informative and 
thought-provoking outline of the So- 
eiety'’s basic objectives, its present or 
ganizational structure, and its opera 
tional problems. He pointed out that 
about thousand [.E.S. members are 
giving their time and effort in the fur 
therance of the Society's work, through 
the activities of the large family of 
technical and administrative commit 
tees 

At the seeond session, Monday after 
noon, Ro Brad Fogarty of the Georgia 
Seetion, and Chairman of the General 
Conference Committee, presided, Har 
old Lo Salaun, Chairman of the New 
(irleans Seetion conducted the third 
«sion on Tuesday morning 

Arthur A 
National Committee of the 


Bramerd, Chairman of 
the s 
International Commission on Illumina 
thon Wa + featured speaker at the 


banquet gathering on Monday evening, 


speaking on the “Lighting a 
World-Wide Interest” (see 
Savina ENGINEERING August, 1949, 
pages 464-4) Some 168 persons at 


temled the reception and banquet, held 
n the Dixie Ballroe of the Henry 


tirady Hote 


Hal M. Horton of the Georgia See 
thon Was toastmaster for the banquet, 
vided appreciably to its enliven 
vent with a parody take off om the 


formal “Annual Progress Report” fea 


ture of the National Teehnieal Con 
terenee Pregrams Characterstic of 
his “exhibits” was a “flexible fluores 


cent lamp” capable of being tied in 
tretched to redace it from 
siimiine proportions, alse 
trie of interlinked emreline fluores 
cent lawps “particularly suited to use 
n chain stores.” 

Another outstanding secial affair on 


the program Was an intorn al luncheon 


im! floor show Monday noon in the 


Analysis of Atlanta Attendance 


Section or Chapter 


len ness alley 
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Paradise Room of the hotel. A num- 
ber of entertainment features were also 
specially planned for the women guests 
in attendance at the Conference. And 
those who got up early enough in the 
morning eould and some did take 
part in the “Breakfast in Paradise” 
show of radio station WCON, 

At the luncheon which brought the 
Conference to a close Tuesday after 
noon, Harllee Branch, Jr. viee-presi- 
dent and general manager of the 
Georgia Power Co. addressed the Con 
ference on the topic “Industry Looks 
to the South.” Mr. Branch reviewed 
some of the factors which have con 
tributed to the rapid and substantial 
growth of industry in the South that 
has characterized recent vears Re- 
Vice-President 


gional Browder pre 


sided at the luncheon 


Person 


A successful Conference means a lot 
of hard work by a lot of people. The 


people whe did the joh for the South 


ern Regional Conference in Atlanta 

ire 

Steering Commitiee Ko Brad Fogarty (Chair 
Ruth Morris. George A. Love Hugh 

Pay ud Program ack H. Murrah (Chair 


Herg Jen Thema I eer, 
“ 

Note T Tavior Peake (hairman Vertva 
li Branhanw T W. tashan Judd tough, S.J 
Andr 

strefion T Char re (hai ar 
ok J. Kor Wa ‘ Fink Jr Paul P 
Harrixon, Clarence Holland Mre Ida Mae 
! M Sara Alexand 

tar ‘ Cor » Mr te ! 

‘ar ' 

Pinan Hlerher Keed (hairman 

Publicity Mr Kita Ku with the Pub ity 

(hairme f tb Rector and Chapters of the 

hern Kee 


Parers Dicestep 


The Technical Program of the At 
lanta Conference embraced the follow 


ing technieal papers 


Color Its Applications 
David © White of the 


(Cannerie 
Florida Chapter 


Lighting Pregram by J 

Mase tiudliers. ef the New Orleans Section 
Pres bing for Comfertable Seeing in the 
by Buford Ho Martin of the Tennessre 


‘ The Technique of Sperts Lighting by 


W. Michel of the Carolinas Chapter 


Forty Years of Textile Lighting.” by 


ieorgia Section 


ting Theory and 
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a 
a 
2 
4 
Miss State College 
i« nae 11 
7 
New 
‘ Frank Keener of the 
“7 as Appleat by Bostwick of the South 
east Florida Chapter 
Architectural Lighting in the Home by 
72 tommery of the Cleweland. (hie Sec 
spensered hy he Atlanta Kesiden 
Total attendan ghting For 
‘ 


Presentation of the Attendance Award at the Southern Regional Conference, 


LE.S., Atlanta, Ga. March 7th, 1950 


This trophy was given by the Georgia 


Section and will rotate among the winners at Regional Conferences for the next 12 
years. It was won this year by the Mississippi State College Student Branch who 


had 40 percent of its membership present 


Left to Right: Robert S. Wiseman. 


Faculty Advisor, Joe B. Browder, Regional Vice-President, and K. C. Dempsey. 
Chairman of the Student Branch 


Color m Canneriws 


In portant 


the handling 


wivanees ated improve 


ments in 
of food products have been made by 


the canning industry during the past 


three deeades. Recently, the tmportance 


of good seeing conditions has been ree 


ognized as essential to the maimtenanes 


of sanitation standards and to quality 


eontrol, Investigations of seeing cond 
tions have disclosed that the lighting of 
sorting and canning belts for the selec 
tion of maturity grades was a problem 
of major importance in most can 
neries, especially where the degree ot 
maturity in the fruit or vegetable prod 
uct is an important factor m the qual 


ity of the product 


For example, mia 


turity grades of peaches are classified 


as fancy grade, choice grade, standard 


grade, ets these grades being deter 


mined by ripeness, size, and perfection 


of product; and the matunmty of the 


sroduct being judged primarily by 
! 


color, and sorted for quality on the 


As this ma 


farmer's 


basis of color comparison 


grading affects the 


turity 


payment lo his product, the profit 


return to the cannery, and the quality 
oft canned 


surchased by 
: 


he proble 

acy 

eolor sorting u 
Phe probler 


arose 


1950 


and processing 


researeh project 


sponsored by the Na 
Association and earned 
1946-49 


lr. White reported that the mvestiga 


tonal Canners 


on at Stanford University 


ions have been conducted in three ma 


jor parts 


The 


have been conducted 


studies mentioned in | and 2 


with many agri 


eultural products; the studies reflected 


in item 3 have been limited to eling 
stone peaches, and have resulted in the 
establishment of the desired lhehting 
grading 


suffi 


they mav he ex 


conditions for accurate color 


of eclingstone peaches, conditions 


ently general that 


tended to simular eolor-difference prob 
lenis 


The spectral reflectance curves of 


some 14 fruits and vewetables were 


studied; all have shown interesting 


correspondence het weer maturity of 


product and reflectance over parts of 


the visible spectrun For example, N 


tvpical set of curves for the several 


grades of el 


poe whes reveals, as 
a common characteristic, 4 decrease in 


reflectance at 675 with ce 


Visual 


however, does not 


ereases in sturity 


thor 


show 


differ 


larwe eolor differences between 


sturity The spectral 


curves of peaches emphasize the disad 


vantage of sorting pear hes visual y. as 


by far the difference im re 


greates 


flectance occurs between maturity 


at 675 oullioerons, a quality oft 


to which the eve is relatively in 


sensitive, vet visual serting is done in 


the region between 500 and 620 mulli 


mierons At 675 there us 


a maximum difference in reflectance be 


tween fanev and sub-standard peaches 


Presentation of Charter to Student Branch of Mississippi State College at the 


Southern Regional Conference, 1.E.8., Atlanta, Ga 


Left to right: K. C. Dempsey, 


Student Chairman, Robert 8. Wiseman, Faculty Advisor, President Goddard. 
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Studies of the spectral quality of Night 
backgrounds and ounds in the detection 
| 
‘ 

> 


ghting must be properly ia 
accordance with plans and specifica 
This involves the cooperation of the 
acto 
Pianned Lighting is good lighting that is 
properly maintained by eystematic and ade 
quate servicing 


Office Lighting versus 


Mr. Martin diseussed the sometimes 
ilusive relationship existing between 
the level of ilumination and the seeing 
conditions in a business office. He 
pointed out that, in spite of all the 
literature that has been published on 
the subject, “higher footeandles still 
are all too often recommended as a 
eure for all seeing ills still too many 
lighting installations are being sold and 
installed on the “more footeandle” basis 


Conference Committee Chairmen, Southern Regional Conference, I1E.8., Atlanta, only many of these, while conform- 
Ga., March 6-7, 1960. Left to right: John T. Chambers, Registration; Joe B 
Browder, Regional V.P.; T. Taylor Peake, Hotel; Mrs. Rita Kuzell, Publicity; 
Jack H. Murrah, Papers and Program: Cecil L. Cannon, Entertainment Herbert |!/umination for the work to be per 

L. Reed, Finance; and R. Brad Fogarty, Genera! Conference Committee formed in the area often are extremely 


ing to acceptable standards of lerel of 


uncomfortable to personnel and con 


tribute to poor seeing eonditions and 

f approximately 18 per cent, wherea Emphasis was laid upon five codices 

between 500 and 620 mull: rons the najor components, or objectives, of seerue from failure te take inte coe 


maximum difference ia only 7.5 per Planned Lighting sideration all of the environmental 
cent This result indicates that photo factors which directly affect seeing 
electric sorting of peaches should be comfort, such as contrast, relative 
investigated and may brightness levels within the field of 
final answer in this vision, glare, ete 


(Mher tests earned on im eonneetron 


with the visual serting of peaches melt her equate levels « ’ re r Tecl nique of Sports Lighting 


eated conclusively that visual color , The practices and procedures of 


com partsot ire materially enhanced lighting for sports and recreational 


by the use of background and sur purposes, as recommended in NEMA 


round of approximately the average 
eolor « the product undergoing color 
difference nspection 

In general, results of these invest: 
gations so far were reported as ined 
enting most en t ly that “desired 
resuits cannot 
hanging lu 
arvas 
level of 


to light 


tures « wh ama 
“The 


light woul 


Planned Lighting 


In a prepared by 
Mason Guillory of The New Orleans 
Section and pr 1M. Jen 
nimgs of ction, Planned 
: i de Hal M. Horton, Vice-chairman of the Georgia Section presenting the facetious 
Lighting Prog ‘ at by the “Progress Report” at the banquet of the Southern Regional Conference, LE.8S 
New Orlear abel vice Ir in Atlanta. Mr. Horton is showing three interlocked circline lamps which he says 
! are “for use in chain stores and lend themselves readily to lamp group replacement 
; programs.” He also showed lamps made of “flexi-glass” and fluorescent lamps 
mental slides with “lukewarm cathodes, designed to replace all hot and cold cathode sources.” 


desernibed, anid 
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and publications were discussed 
by Mr. Michel Mr. Michel reported 
that it standard 


territory to design sports hghting in 


was practice in fis 
stallations to operate the incandescent 
lamps at 10 per cent over voltage, thus 
producing about 33 per cent more 
light with 16 per cent more power con 
sumption, and to replace the 

a matter of routine after about a - 
Where playing 
200 


hour playing season. 
seasons extend beyond hours, he 
reported the use of only 5 per cent 
overvoltage 

There 
between the proponents of two differ 


was considerable discussion 
ent schools of thought as to the overall 
best method of providing the 10 per 
eent overvoltage. One school of thought 
prefers the use of low voltage lamps 
to be operated at standard secondary 
distribution voltages, thus simplifying 
The other s% hool of 


thought prefers the use of standard 


the installation 


voltage lamps and the provision of the 
overvoltage by adjustable taps on the 
secondaries of the transformers serving 
the installation, in the belief that the 
user will more easily and more con 
sistently be able to obtain standard 
voltage lamps than the special low 


voltage lamps 


Forty Years of Te rtile Laghting 

Mr. Keener dramatized his subject 
by pointing out that “February 3, 1909 
our first lighting recommendation was 
made and, as in practically every re 
were 
watt 
This 


spinning 


ommendation since that time, we 
told our layout required too high 
age, watt per square foot 


lighting was for white eottor 
the original used 16-candlepower 
16-foot 
We 
the lighting level at approxin 


earbon lamps on spacing in 


alternate alleys have raleulated 


ately 0.2 


footeandles. Our new lavout 


included 16-candlepower 

in each alley, 
foot 
lighting 
the 16 
tung 


result 


gere| on 16-foot spacing 
resulting in approxin itely 0.4 
very extravagant 


1919 


candles, o1 

during we replaced 
candlepowe r lan with 75-watt 
sten lamps, in the same outlets 
level of approx 


During 1927, 


ing in a lighting 


mately 2 footeandles 


we replaced the 75-watt tungsten lamps 


with 450-watt Cooper-Hewitt mercury 


lamps, on the same spacing, resulting 


in 15 footcandles during 1949 we 


replaced the mereury lamps with two 


100-watt fluorescent lamps, resulting in 


nhout footeandles 


aprit 1950 


Mr. Keener strongly criticized “those 
elements in the lighting industry who 
seem to be more interested in selling 
equipment to a customer than in assur 
ing that the customer will get a well 


engineered lighting job designed to 
his needs to the best advantage.” 
Keener stated 


suggestions should be adopted by 


meet 
Mr 


ing 


that “if the follow 


evervone in the lighting industry, we 
all would benefit and would make our 
work in the textile industry a work of 
task, 


and we would be well repaid for our 


romance rather than a selfiish 
efforts to promote better production, 
resulting in higher wages and greater 
profits for the next forty years 

customers’ prob 
mmendation for 


careful study of 
then make a rece 


customer 


1. Make « 
lems 
the best 
2 Know 
and why it has 
the ustomer 


and 
value to the 
right 
value to 


why your recommendation is 
possible 
submit it to the 


the greatest 
hefore you 
customer 
mmendation is 
never 


3. After 
to the 
change the 
mitted 


being sure your rec 
customer 


after tt is 


heat interests of your 


recommendation sub 


ready to point 
buys and 


baild good 


4. No preduct is perfect bee 
out ite defects 
later discovers the defects himeelf 


will 


before the customer 


that a fluor 


and discu 


amp i* 
the probl 
proper maintenance with your customer before 
the order work out proper 
lamp 
buys the installation 


ra fu 


Remember 


mechanical device ems of 


you secure 


tome tables for replacements when the 


ustomer since it is 


easily possible fe reacent installation to 


depreciate 75 per cent from initial footcandies 
without proper 


create m 


factor may 


ustomer 


aintenance, this 
nleas the 
forewarned 

Never 


nating engineering 
order taker 


the fair 


ghting industry 
manufacturer whe 


nfair 


Trafic Safety Lighting 


thesis 


Bost wick 


present 


developed the 
need for the illum: 


nating engineer is to cons der and to 


for he good of the lighting 


his know of 


eral public's reaction to good, had, or 


develop 


profession the gen 


ndifferent street and highway hghting 
in order that the technical job may het 
non-technical people 
He offered the quota 


tion from a prominent source that “t 


ter satisfy 


who pay the ill 


TELECAST 


Lighting News of Current Interest 


art street lighting) has matured to 
the stage where the importance of effi 
eieney as measured by laboratory in 
struments is losing ground in favor of 
effectiveness as evaluated by the physi 


cal 


‘comfortable seeing’.” 


and psychological gauge ealled 


Thus the engineer now must expand 


his technical knowledge to include a 


thorough study of the public reaction 
to modern street lighting. .. It wa 
three-sided problem the engineering 


side is well developed and supported 
by a wealth of technical literature pub 


LES 


two 


lished by and other sources 


the other sides economies and 


human nature — are equally important 
to the 


engineering, economics, and human na 


structure. This relationship 


has been humorously referred to 
to deal 


ture, 
as ‘the infernal triangle’ 
with the human side of the ‘infernal 
triangle’ becomes the street lighting 
engineer's major problem the com 
monplace problem of engineering ter 
minology also is a factor which adds 
its weight to general public difference 

to pieture the projected results of 
relighting a street in terms the layman 
ean understand certainly challenges the 
ingenuity of the professional lighting 


” 
engineer 


Lighting m the Home 


An important highlight of the At 
lanta the 
highly instructive and stimulating talk 
given by E. W. Commery of the Cleve 


Regional Conference was 


land, Ohio, Section, Chairman of the 
National 


Lagating 


Committee on Residence 


Mr 


was “Architectural 


Commery'’s assigned 


topie Lighting in 
the Home,” which title sounds sophis 
ated and formal. But what he actu 
lly did was quietly to draw aside the 
cloak of unapproachability which has 
shrouded the down-to-earth and homely 
lighting problems of the average Amer 
house 


jean residence-apartment or 


and present an engineering approach 
to the problem in simple every-day 
terms. The presentation was sponsored 


by » Resid Lighting Forum of 
the Georgia Section, and the audience 
of about a hundred contained het ween 
°5 and 30 women 


the and 


the 


In speaking of quantity 


quality of light for satisfactory 
performance of the visual tasks of the 


Mr the 
of recommended levels of illu 


home, Commery referred to 
tables 


mination and other technical and statis 
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if 
peat. 
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iv 
A 
¥E 
ist because 
he trusts 
; salesman and not just an : 
Help your competitor ploy 
by playing fair yourself 
for America where . 
_ owers the quality of his prod f = 
price competit which gives the sstomer 
ee less value f his . will be forced te 
raise the yuaiit ana f hie pr fuct or 
get out of the \ k give our 
tomers confider ES. emt und to 
- know that utmost fidence can be placed in ; 
anyone wearing this « ' Work to build 5 
up to r the " etitor who nfair 
and not t wer ourselves to bis level by 
# trying to meet his unfair tactics Alwaye re Al 
member he profite most w? serves beet 


trenl data, rious! 


LES... bef. in so 


putbished by the 
doing he warned 


strongly that “there im all too prevalent 


a tenden to give too much attentior 
to the statistieal or quantitative side of 


home lhgehting problems and not enoug! 
to the personal payehological factors 


it takes a 


theughtful combination of 


the two te priuce a sate yng yu a 
the lewel« of heht needed for 
mg.” Home lbghting preblems were 


categorized inte Alteen “typical <itua 


tions” ranging from the | ng 


Troon 
to the laundry and embracing such 


specifies as lighting tor 


shaving, for 


milady's make-up, for reading in bed 


for tatiygue-free television recep 


tier each complete with dimensional 


sketches and installation photographs 


Pin up lamps of proper desiwn were 
given tmnnortant place in home 
byhting, m the living room as well as 
n the hedroo What Mr. Commers 


presented was in substance a preview 
eurrent work of the LES. eon 
Lighting in its 


mittee on Residential 


hwhting study practice looking toward 


a Reeonm ended ietice 


Society Events 


1950 Mecting of LEM. 


ac 


April 6, 


Fdgewater 


May 11-12, 1950 Canadian Kee al 
ference Mr Reyal Mote Montreal, Que 


faneda 


May 17-19, 1950 Kee al 
ference, Milwaukee, W neis 


May 18-19. 1950 Fast Central Reg " 


Conference. War k Hotel 1 leiphia, 


May 22-23, 1950) Lakes Kegional Cor 
Hu flak 


fe rer 

June 6, A Contere 

for outgoing and incoming cal officers of 

irs New Vork 

June 7. 1950 « of Na 

August 21-25. 1950 . California 

Nat Teet al Conferes 
‘ 

Industry Events 

April 4-6, 1950 

Heach If ‘ 

April 5. 6, 7, 1950 ‘ 

April 12-14, 1950 

Fing Meeting 1 

April 17-18, 1950 = ‘ 

tie 

April 19-22. 1950 


April 24-25, 1950 4 
‘ 
May 10-12, 1950 
" 


May 10-12, 
Ar ‘ 


LIGHTING CAL 


December 3-6, 1950 


ENDAR 


May 15-18, 1950 National Fire Proteetior 
t 
tla ‘4 ant cw 


May 29-June 9. 1950 Canadian Interna 
teenal Trade Fair seu 


tien Grounds Toronto 


June 4-7, 1950 The American Society of 
Hof « Pngineers Tt pring Meeting 


M ehach Hote Kaneas City. M 


June 5-7, 1950 Pdixen Fle 


a! Convention 


June 12-16, 1950 Arne on Unstitute of 
} al Engineers, Summer General Meeting 
Vascadena, Calif 


June 12-16, 1950 National Association of 
t store Atlantic City N J 


June 12-16, 19 Conference on Industria 
Kesearct ‘ ereity New York 
x. ¥ 

June 15-19, 1950 sl Meeting 
Canadian Flectrical Asse Murray Bay 
‘anada 


June 26-30, ‘ 
Twat Mate " rad A Meeting and 


August 7-19, 1950 = First United States Tr 


Fair 


September 19-21, 1950 rT? An an So 


f Mechanical Engineers, Fall Meeting 
rat Vor Max« 
October 11-14, 1950 nt at ‘ Asse 
at { Elect lene Annual 
‘ sea, Boston, Ma 


October 16-20, 1950 “th Na sl Safety 


October 17-20, 1950 Na a tries 
‘ tore ‘ " 4 ‘ ventior 


November 13-16, 1950 Na I rien 
Ve ‘ e Hadder 


‘ 


November 27-29, 


News 


Plans Underway for 

East Central Conference 
Hast 

(Conterence May 18- 


registrations tor the 
Central Regiona 
19 in Philadelphia are being taken now 
by F. R. Adair 


Registrations Commuttee 


Chairman of the 
Reservations 
sent in 


should be immediately, ad 


dressed to him at P.O. Box 7663, Phila 

delphia 4, Pa 
An impressive program of technical 

papers has been arranged for ths Con 


ference, as well as entertainment fea 


tures for the large attendance expected 
distaff 
Address of Weleome by Joseph Schue 
Kast 
Keynote Ad 
(heorge Whit well, Vice 
Philadelphia Electrie Co., 


subjeets scheduled are 


side Following the 


from the 


hert, Regional Vice-President, 


Central Region and the 
dress by 
President 


the timely 


Presentation f i950 P ned Lighting Activi 
Ketter Light Better Sieht Bureau 
(ole ite Measurements by Dr. B. Judd 
Na Kurea f Standard 
ghting fron verall ¢ ee & Other 
argce Area Luminowse Surfaces by Don FPF 
(av and Robt s ania Fleetric 
Preda 
ne for Tele nt Zahour. Weat 
ne or 
Reece nt Light Sources by 
ard ¢ Krowr Managing Fngineer Gen 
al Pleetr Compar Nela Park 
(pen Poru sion lee aul M Hilde 
and 
yed f the on 
test i vw Mas Interesting 


Seminar on Light Feature of 
A.1.A. Convention 


A Seminar on Light Session, impres 
sive in its seope, will he an 


important 


feature of the American Institute of 
Architects three-day Convention sched 
May 10 through 12 in Wash 
ington, ¢ The | 


will be held May 11 


iled tor 


ghting symposium 


Details of the ALA. Seminar on 
Light designed as a cooperative discus 
son between architects and lighting 


engineers, were planned by C. L 
1.E.S., 
leh, Grand Rapids, 
Michigan, whe w alse serve 


Crouch, Teehnical Director of 


as mod 


ted) at the semi 


Technica 

t au 
jesigned 

th chting 
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Subjects to be presen 
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‘ An Society To dw n usefu 4 
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Phosphors and the subject of color in lighting 
in general, also to embrace a summary review 
of trends of recent years in lighting costs 
Daylighting,” by KR. L. Biesele. Jr, Professor 
of Electrical Engineering. Southern Methodiat 
University, Dellas, Texas 


Light.” by Staniey 


University 


“Use of Color and Dramatic 
MeCandiees of Yale 

Application of Lighting to Practice.’ by 
ard Sharp. noted consultant It i« understood 
work 


How 


that Mr. Sharp has of recent years been 
ing very closely with architects and is in a 
Pesition te speak their language 


SEEMS 


Bamberger's Store 


To the Editor 


on 


| was interested in seeing, 
141 of the February 


ING ENGINEERING, the reproduction of 


page 
1950 


the photographs of our lighting fixture, 
and the one showing the installation of 
these fixtures in Bamberger’s. I was 
also interested to note, in the caption, 
that the fixture was developed as a re 


sult of consultations between the archi- 


teets, store management and the light 
ing consultant 

First of all, it is difficult to under 
stand why the manufacturer of the fix 
ture was not given eredit, and secondly, 
| must take exception to your state 
ment that the fixture was designed im 
uggested by 
Mr. Den 


meeting 


accordance with ideas 
consultant.” 


the 


the “lighting 


Braven'’s statement at 
should have dispelled such a notion. 


For the record, | would like to advise 


that the fixture as supplied by us was 
engineered and designed by us, and 
that the features, such as the remov 
able reflector pans, optional spotlite 
equipment and convenience outlets, 
were included as a result of confer 
ences between store management and 
ourselves, A fixture which had been 


made to the “lighting consultant's” 
specification was disearded mm favor of 


our Lawson Press 
dent, Fullerton 


South Norwalk, Conn 


Vanufacturog ¢ orp., 


ABOUT 


James A. Lang, Minneapolis Con 
sulting Engineer, has reeently pur 
chased interest in the Scott Whitnah, 
Lang and Associates, Ine, and the 


company name has been changed to 


the Lang Engineering Company 


Thomas E. Roche, a charter member 
of the Twin City Seetion at its for 


mation in 1937, has recently opened 
an office in Minneapolis, where he will 
do engineering consulting work. 

Frederick 8. Kinsey, eastern 
trict manager of the Lamp Division of 
Westinghouse Electric Corp., has been 
elected president of the Eleetrieal and 
Gas Association of New York. He 
succeeds Harry C. Calahan, viee-pres 


Eleetrie Supply 


ident of General 
Corp 

Robert W. Heller 
pointed manager of residential sales 
for Duquesne Light Co., Pittsburgh, 
MeQuiston, whe 


has heen ay 


Pa., succeeding T 
left to 
Metropolitan Edison Co., 

Lewis P. Tabor, senior research en 


gineer in the Franklin Institute Lab 


become sales manager of 


Reading, Pa. 


oratories for Research and Develop 


ment has just been elected chairman 


of the 


Institute’s highly important 


APRIL 1950 


Serence and 


Arts Committee which ts 
responsible for choosing the serentists 
to whom special Institute medals are 
Mr. Tabor will be 


chairman of this 


awarded each vear 
the 66th committee 
1835. Tle 


the 


since it was originated in 


Laurence LePage of 
Aven 


duties for the In 


replaces 


Adrian Bauer who resigned 


to undertake other 


stitute 

Lawson Fullerton, oresident of 
Fullerton Manufacturing Corp., South 
Norwalk, Conn., has announced the 
appointment of the following repre 
sentatives: Russel Lighting 
ment Co., Miami, for the state of 


Florida; John Lowe, Knoxville, Tenn., 
tor Tennessee; W. M. Mun- 
ding, Memphis, covering western Ten 


nessee, Arkansas, northern Mississippi 


and western Kentucky 

R. F. “Frank” Spangler has been 
appointed field serviee supervisor for 
the Pacifie Coast, Seattle division of 
the Westinghouse Electrie Corp., ac 
Mr 
Spangler, who assumed his new duties 


on March 1, replaces W. FP. Schanz of 


Franciseo 


cording to a recent announcement 


Seattle, who moves to San 


as assistant to the service manager of 


the division 


TELECAST 


Lighting News of Current Interest 


New Lamp Bulb Developed 
For Home Lighting 


A new incandescent lamp of radical 


lv different design has been announced 
by General Electric Co., for use in the 
millions of two-to-five socket ceiling 
fixtures estimated still in use through 
out the country 

Lighting performance of the lamp, 
available in the 50-watt size only, ap 
proximates the quality of lighting from 
When 


viewed from its recommended base-ap 


a parchment-shaded lamp 


the lamp resembles an in 


verted mushroom, 34g inches in diame 


position, 
ter, The lower portion of the bulb is 
covered with a parchment-color perma 
nent enamel finish, with the apper por 
tion frosted in the usual manner, Three 
the enamel and a 


concentric rings 


clear spot at the bottom of the bulb, 
direct two-thirds of the light upward, 
and a small spot of down lizht for 


rkle.” 
Matthew Luekiesh, 
the 


Coneenved by Dr 


recently retired director of com 
pany’s Lighting Research Laboratory 
at Nela Park, the lamp was developed 
ever a period of several vears under 


his guidance 
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FOR SAFE MOUNTING 
IN PAIRS 


WITH THE NEW BRYANT PUSH CONTACT 
FLUORESCENT LAMPHOLDERS 
FOR TWO SLIMLINE LAMPS 


These new fluorescent lampholders are designed primarily Ne. 4361 —For lo 

w voltage primary, 
for use with T-12 (14") Slimline lamps, but may be used for 660 Wotts 250 Volts, equipped with 
other sizes of slimline lamps two twelve inch white leods of No. 


: 18 stranded, 132" insulation, 1000 
Spring actuated plungers operate smoothly in guides and assure good Volt, 80 C. thermoplastic wire 


electrical contact between the lamp pin and the lampholder contact 


Shock and vibration cannot displace the lamps. 


The one piece steel covers are riveted to the steel back plates 
which are integral with the mounting brackets assuring rigid - — 
construction and providing a secure means of mounting. 

The covers, back plates and mounting brackets are baked white enamel. 


| 
The ribbed design of the plungers in device No. 4362 
serves as a guide for lamp pin insertion 


These devices are provided with 4" lay stranding wire leads 


which simplifies wiring (eliminates dipping or twisting of wire ends). No. 4362 — For high voltoge 
secondory, 660 Watts 1000 
Volts, equipped with two 
Listed as Standard by Underwriters’ Laboratories, Inc. twelve inch red leads of No 18 


stranded, 132" insulation, 


THE BRYANT ELECTRIC COMPANY 1000 Volt, 80 C. thermoplas. 
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Picture long sweeping curves of 
fluorescent illumination . . . circular 
contours . .. dramatic abstract 
shapes ... acute angle patterns... 


Then .. . picture an ingenious system of 
luminaires . . . a masterpiece of simplicity and 
beauty. . . with the unique ability to 
transform your every creative lighting idea 
into reality... and you have... 


ILLUMINATING ENGINEERING 


3 
igs Fi 
3 
022 
6A 


Doy-Brite Lighting, Inc., 5432 Bulwer Avenue, 
St. Louis 7, Missouri 
in Canada: Amalgamated Electric Corp., Ltd., 
Toronto 6, Ontario 
., ees Please send me your FREE booklet “PLEXOLINE... 
IMAGINATION AT WORK.” 


DAY-BRITE) 


ADDRESS 
city STATE 


APRIL 7A 


j 
| 


aye 


H PITTSBURGH PERMAFLECTOR 


PITTSSURGH 22, PENNSYLVANIA 


. 
| 
-with tunctio al beauty adaptable to any type. of installation, and in 
Jeriorit all who use lighting. Ask for complete details on 
Write and tell us whether pore 
| |. 
MANUFACTURERS OF FLUORESCENT & INCANDESCENT LIGHTING EQUIPMENT 
TSBUEGH PERMAFLECTOR UIGHTING FQUIPMENT 15 BETTER ELECTRICAL WHOLESALERS were 
—— 


A NEW STANDARD 
OF L:|GHT TRANSMISSION 


Taste Testing Room, Krofft 
Foods Company, Chicago, 
mvolved 
three types of recemed trofers 
mode by Curt Lighting, inc 
The three 40. watt lamp trofers 


ungie 

incandescent 200. wert 
lomp trofer averages 66 F.C 
Averages were cokvioted by 
wing coefficient of 
tion of 4! and momtenante 
foctor of 75%. These volves 
were verified by 2! ectvel 
readings efter 100 of 
burning. 


the Glow from the Shy 


Corning FOTA-LITE provides uniform brightness and 
control from both fluorescent or incandescent light sources 


In the taste-testing kitchen of Kraft Foods Company, 
foods are appraised and arranged for color photog 
raphy and advertising art. A high level of illumina 
tion plus exceptional brightness control was desired 
A combination of incandescent and fluorescent were 
found desirable for delicate color control 

To blend the external appearance of both luminaires 
and use the most ethcient and effective material, 
Corning FOTA-LITE glass was selected. The chorce 
of FOTA-LITE gave exccijent footcandle and bright 
ness values. Comparative brightness readings proved 
that FOTA-LITE produced lower values than louvered 
fixtures or aaa other types of glass pancls in the 
45° to horizontal zone. It brought out color contrast 
with clarity and reality 


FOTA-LITE és a remarkable new lighting glass. 
Diffusing louvers are transmitted into che full chick- 
ness of glass by a photographic process. They never 
lose efficiency for the image ts permanent. Light 
directed vertically remains unrestricted while the 
diffusing louvers intercept and climinate glare at the 
45° cut-off 


FOTA-LITE permits dust-tight fixture construction, 
Maintenance is no problem since only a single flat sur- 
face need be cleaned. There ts almost no limit to its 
application as it may be used in recessed or pendant 
lighting fixtures, continuous row or complete luminous 
ceilings. You can evaluate it best by sending for a 
sample. Use form below 


FREE—FOTA-LITE sample on request. 


CORNING GLASS WORKS 


CORNING, NEW YORK 


CORNING GLASS WORKS, Dept. IE-4, Corning, N. Y. 


Please send me your FOTA-LITE demonstration cord showing 
how FOTA-LITE diffuses and cuts off light ot 45 


FOR EFFICIENT, ATTRACTIVE LIGHTING... 


Company 


Address 


CORNING ALBA-UTE for diffusion of Avorescent light ... CORNING FOTA-LITE for high level illumi 


meant research in Glad ! 

! 


aation .. . CORNING brand LENS PANELS and PYREX brand LEMSLTES for prismotic ight contro! 
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Display Room. Dollos, Texos Utility Showroom. Trenton, Mich. 


WHEN YOU TELL THIS SELLING STORY 


module delivers 20% MORE LIGHT 


Proved in actual use— MODULE delivers 20°; ExTRa light per 
unit! Yes—the MODULE translucent plastic molded louver 
passes 20°), MORE LIGHT. This means more light per dollar 
—fewer fixtures required to meet footcandle specifica- 

tions. This means more light, better light at no more 
than the cost of ordinary fixtures. 


module is custom-fitting 

re's the new lighting that fits any commer- 

l interior to a ““T’’. Four basic MODULE units 
afe the “building blocks” or “‘dominoes” of light. 
They fit together easily, economically, to form 
over 50,000 different patterns. They custom-fit any 
réom shape or size. They put the light exactly 
where it’s needed. MODULE is the only lighting that 
ctstom-fits with standard low-cost units. 


module is newest, finest 


And there's nothing in lighting that will stay 
newer and finer than MODULE. Yes—a MODULE 
installation remains modern for years, because: 
it custom-fits and “grows’’ with every 
lighting need; it delivers more light; its 
appearance has an undated “‘always con- 
temporary” look. No ordinary fixtures 
can match these MODULE advantages. 


module installations are never obsolete 


No MODULE lighting system is ever obsolete. Here's why: As 
lighting needs change, more units can be added at any time, at 
any point in the system—without installing a single new electric 
outlet box because MODULE units connect together electrically and 
mechanically. MODULE lighting is never ‘locked-in’ —the “building 
blocks” of light simply slip into place easily and economically 
exactly as required. 


_17 SELLS 


OFFICE 


iF YOU HAVEN'T ALL THE MITCHELL MANUFACTURING COMPANY 
module Facts, write TODAY 2525 N. Clybourn Avenue + Chicago 14, Illinois 


a 
General Office. Chicogo, ill Bank. Wheeling, W. Vo. Automobile Showroom. Ecorse, Mich. ia 
¢ 


Here's the secret of “trigger-start” ballasts: Special 
windings in the ballast ore used for instantaneously 
pre-heating the lamp cathodes. As a result, the bal- 
last’s open circuit voltage becomes sufficient to strike 
the arc. Starters are completely eliminated! 


Thislabelona 


“trigger-start”’ ballasts 


Here is instant starting for standard fluorescent lamps in residential-type ballast performance ‘ 
Buy — when you see the 

fixtures. And it ij accomplished merely by using a unique new ballast. With G-E 

General Electric's revolutionary “trigger-start” ballast, any standard 20-watt 


lamp or any standard 32-watt Circline lamp starts with a flick of the switch. 


These “trigger-start” ballasts are listed by Underwriters Laboratories, are 
exceptionally quiet in operation, and have the characteristic dependability 
that has made G-E ballasts “the brand in biggest demand.” G-E ballasts make 
any fixture a better fixture. So, when you're specifying or buying fluorescent 
fhixtures—or replacement ballasts—insist on General Electric “trigger-start” bal- 


lasts. Apparatus Department, General Electric Company, Schenectady 5, N. Y. 
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STANDARD FLUORESCENT PANELS NOW 
New all-time Low 


@ No die-cost on standard sizes 

@ Standard WIDTHS—2" to 6" in 1/4" increments 
@ Clear or Translucent white — LIGHT STABILIZED 
@ Fiat or Convex uniform radius 

@ Breakage reduced £0 to 90% 

@ About 1/8 the weight of glass 

@ Eliminates all shattering danger 


GET SAMPLES .. PRICE SHEET AND FULL INFORMATION. WRITE TODAY! 


LIGHTING FIXTURES 


LUORESCENT 


SIDE AND BOTTOM PANEL 


COMEANT, 


st cus "OF PLASTICS FOR ALL lwDUSTRIES 
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Before you invest in lighting — 
sure of its overall cost 


Miller “SERIES-LOUVER™ luminaires for general 
line and slimline fluorescent lomps set o new 
high in lighting. ideo! for stores, offices and 
general commercial interiors. 


OVERALL cost is equipment cost, plus cost of installation and 
maintenance. Built into all Miller lighting equipment are con- 
struction features that simplify installation and maintenance, 
and moke for LOW OVERALL COST. When you add to this, 
fine illumination performance and pleasing appearance, you 
have the reason why Miller lighting equipment is your best 
investment in lighting. It is built on our 8-Point Standard of 
Quality Construction, and strict adherence to our 106-year 
tradition of pioneering in GOOD UGHTING AT LOW 
OVERALL COST. Whatever your lighting requirements, you 
can light with confidence the proven Miller way. Miller 
field engineers and distributors are conveniently located. 
Write for Miller “SERIES-LOUVER" catalog 
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IMPROVED 


Westinghouse 
SLIMLINE 


FLUORESCENT 


Recent improvements in Westinghouse Slimline Lamps 


give you these important advantages: 

l. Brightness from end to end The newly designed 
Westinghouse electrode using zirconium . is short 
and squat. It casts no end shadows so lamps are bright 
through the entire length. 

2. No starting stripe. An invisible coating of silicon 
takes the place of the customary opaque starting stripe. 
Thus installations look better. 

3. Six hundred milliamperes loading for higher 
brightnes« where vou want it. Because of superior ¢ ath- 
ode design and other improvements in manufacture, all 
Westinghouse T12 diameter) Slimline Lamps 
can be operated at 600 milliamperes if desired. At this 
loading the light output is increased about 20° over 
the standard 100 milliamperes rating. This flexibility 
enables you to plan more efficient lighting arrange- 
tits 
For complete technical data write: | amp Division, 


Westinghouse Electric ¢ orp.. Bloomfield, N. J. 
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*MULTI-SCOPIC 
erd 
TELESCOPIC 
Lamphoiders are 
FULLY PROTECTED 
by U. S. PATENT 
No. 2.495 196 


1950 


O vce again Kulka leads the way 


with an original and revolutionary 
SLIMLINE lampholder the 
“MLULTLSCOPIC™.* 

Aptly named for its many uses, the 
“MULTLSCOPIC’* 


standard, single-serew mounting, bi- 


combines the 


pin type. with the unique “TELE- 
SCOPIC™* holder we recently intro- 
clue ed. 

The amazing feature of the “MULTI- 
SCOPIC™* is that despite its small, 
compact size it WITLI TAKE ALL 
LAMPs T/8, T 12 
and still larger, if thes should be 
made 

Holders are of white Urea a 
thermosetting plastic of high dielee- 
tric and tensile strength. Mounting 


TERS’ 
BORATORIES 


portion is dimensionally the same as 
the standard type. Has front recess 
for a square nut, and also serew term. 
inals staked and backed for easy 
wiring 

The “TELESCOPIC”. feature oper: 
ates on a strong coil spring whieh 
not only holds lamp firmly and as 
sures positive contact, but allows for 
',” variation in lamp lengths 

Here. indeed, is a practical and 
NEEDED 


uses: one that is destined to win in 


lampholder of many 


stant and wide acclaim. Alert design 
ers will recognize in the “MULTI 
SCOPIC’* lampholder an opportun 
ity for many applications in 
channels, strips, lighting fixtures. 
show case lighting, ete. 


WIRE OR WRITE TODAY FOR MORE DETAILED DATA 


KULKA ELECTRI 


30 SOUTH ST 


MT. VERNON, WN. Y. 
15A 


another major achievement wiring device 
rile Standen, 
| 


MANUFACTURERS’ 


REPRESENTATIVE AVAILABLE 
= Wes, ‘iver 15 years successful jobber Following in 
a the New York metropolitan and New Jersey 
- areas Thoroughly familiar with commercial 
a... and esidential flourescent and incandescent 
and capable of discussing and design 
ake A “JACKNIFE” Dive: ne lghting layouts. Have sales reports to prove 
osts ss abilit Addr Box 129. INuminating Engi 
eering Societ Publications Office, 51 Madi 

New York 10, N. ¥ 


POSITION WANTED 


(iraduate illuminating engineer available for 
manufacturer consultant or public utility 
heght years sales and engineering experience 
domest and export fields. Qualified 

ng sales superviser or lighting sales 

er I’resent employed, desires change 


Ituminating Engineering 
ne (Office 51 Madison Ave 


Special lo 
= olighting 


eee 


1.£.S. Home Lighting Dota Sheet 
packet is now available separately 
from the regulor series. 


23 sheets in the pocket include: 


Lighting « Game Room 


' Living Room 
‘ H $ Dressing Table 
sets all-time low in upkeep! hy 
Louis XIV Period Room 
It's downright economicol how the patented Wheto 
' \\ 9 P Dining Room Table 
: GUTHLITE “jacknifes” down and its single-pin Bedroom 
| h Small Kitchen 
a) 4-FT. SLIMLINE lomps ore changed with a quick Combination Living-Dining Room 
= push-pull. Even easier than replacing incandes- Kitchen Leundry 
Ng cent bulbs —and it's all done right from the floor ___ Foyer 
¥ Dining Room 
: without lodders! Stairway 
' Hallway 
Maximum use of light user pays for: 4-FT. Room 
wilt-in Lig ting of Twin s 
; SLIMLINE GUTHLITE’S lamps are so accessible Creating © Lomincus 
: cleaning so practical — it's easy to keep light- Curtained Wall 
| dust | t Built-In Lighting of 
stealing dust on lamps to a minimum. 
No starter switches, so no starter troubles — Lighting 
soves extra ports, maintenance ond lomps. for 
: Light-at-the-click-of-the-switch — no uncertain Submitted by persons in utilities 
manufacturers and designers, these 


storts. And 4-FT. SLIMLINE GUTHLITES bring you data sheets are a valuable manual 


the latest development in high-efficiency light of home lighting ideas 

sources—4.FT. SLIMLINE lamps The packet is available at $1.25 per 
set for all 23 sheets or $! per set in 

May we send Bulletin 845-S) with full details? lots of 25 sets or more. The Lighting 


Data binder especially designed for 


IGHTING 


priced at $1.50 each or $1.25 in lots 


THE EDWIN F. GUTH COMPANY ST.LOUIS 3, MISSOURI 25 more 
Order vour packet of Home Lightin 


INATING 
NEW GUTH 4-FT. SLIMLINE SYSTEM is’ now 
ovailable in every 2 and 4— 40W fixture in our ENGINEERING SOCIETY 


$1 Madison Avenue 
complete line. For the whole story, call in your New York 10, N.Y 


neorest GUTH Resident Engineer or write us. ° 


ILLUMINATING ENGINEERING 
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and then further silenced thru impregnation. - 
Assembly is sealed in the case, solidly imbedded 


ACME ELECTRIC CORPORATION 
294 WATER STREET CUBA, WN. Y. 


NEW LE.S. TECHNICAL 
COMMITTEE REPORTS 


NOW AVAILABLE 


Lighting for Canneries 

Lighting for Woolen and Worsted Textile Mills 
Lighting for Machining of Small Metal Parts” 
Lighting for Flour Mills 


Write for your copies to 


ILLUMINATING ENGINEERING SOCIETY 


Madison Avenue New Yort 10 N Y 


Acme Electric Corp. 
Bryant Electric Co. 
Corning Glass Works 
Curtis Lighting Inc. 
Day-Brite Lighting Inc 
Dunbar Glass Corp. 
General Electric Co., Apparatus 
General Electric Co., Lamp 
Edwin F. Guth Co. 

Kopp Glass Inc. 

Kulka Electric Mfg. Co 
Litecontrol Corp. 

Miller Co 

Mitchell Manufacturing Co 
Photovolt Corp 

Pittsburgh Reflector Co 
R.LM Standards Institute 
Sandee Manufacturing Co 
Sunbeam Lighting Co 


Sylvania Electric Products Inc 


F. W. Wakefield Brass Co 
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Westinghouse Electric Corp., Lamps 14A 


Westinghouse Electric Corp., Lighting 1A 
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Kopp Glass products can play an important part in 
making light do your bidding; you can use Kopp lenses 
to diffuse, deflect or concentrate beams of light, to 
transmit colors, for infra-red or ultra-violet applications, for 
“on” or “‘off’’ lights, for all sorts of signals where uniform 
colors, durability and dimensional accuracy are important. 
Other Kopp Glass products are liquid-level sight glasses, 
transparent instrument cases, glass domes, panels for domestic 
oil burners, beads for glass-to-metal seals, direction signals. 

Kopp engineers will design glass parts for your specific 
applications. Necessary research and development work is 
conducted in our well-equipped modern laboratories. Moulds 
are made by our experienced craftsmen, and sample glass 
parts throughly tested before production starts. 

You can be sure of the uniformly high quality of Kopp 
Glass, for complete control is exercised at every step of 
production, from the selection of raw materials, to the testing, 
packing and shipping of finished product. 

Use KOPP GLASS to assure complete satisfaction. 


KOPP GLASS, '‘c. 


SWISSVALE, PENNSYLVANIA 
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PHOTOVOLT 
UNIVERSAL PHOTOMETER 


end (3) cutting facilities alll in one 
production ond rapid service 
Let vs quote on your special shepes 


Gloss Cylinders”. Address Bex 24. 


A photoelectric foot-candie meter of high sensitivity 
for accurate measurement of all types of illumination. ‘ GB 

4 measuring ronges: 0-5, 0-25, 0-100, 0-500 ft.-<dl. Qunlbar 
© Simple in ti dable, conveniently portable 

Available with cosine-corrected photocell search unit Corpowation 
Also: Mod. 210 with twin-photocell search unit and \ DUNSAR, WEST VIRGINIA 
0.005 ft.-cdl. / div. for clear registration of lowest YORK: CHICAGO -CLEVELAND-LOS ANGELES 
light levels in street and highway lighting surveys. 
Write tor Bull. Ne. 200 to 


PHOTOVOLT CORP. 
95 Madison Ave. New York 16, N. Y. 


We're all up in the air 
ever this new design for better lighting 


Semplicity of line ana detail, combined with 

high light output and low surface brightness, are 

the promory features of the new HG1IO040 SERIES 
Desgned to meet the higher stondards of con 
temporary architecture, these units employ hinged 
shielding elements that allow easy lamp removal 

and maintenance Specially constructed mounting 
devices facilitote installation These units 

are available in 2, 3, and 4-lamp types in 48 single 
and bi-pin lamps and in 200, 300 and 430MA slimline 


For further information on these units please write 


St \BEAM LIGHTING COMPANY 555 cast 14TH PLACE LOS ANGELES 21, CALIF. 
manufacturers of lighting fixtures 


ENGIN ERRING 
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Ounber, Americe's most versatile 

gloss plont, offers you 38 years of 

Or, possibly one of ovr meny stock 
blenks will save you money ond 
time 
Write for ceateleguves on Dunber 
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how GOOD can PLANNED 


without good equipment? 


HE answer is—no better than a building 
plan without good building material. There 
is no dodging the fact that Good Equipment 
is the BASIC factor in a GOOD LIGHTING 
PLAN. It is the lighting units, the lampholders, 
the ballasts, the reflector, etc., which MAKE 


or BREAK the final results, in terms of sus- 
tained lighting efficiency, low-cost maintenance 
and dependable operation. 

That's why, no matter how good the Lighting 
Plan, the results may be disappointing unless 
the plan includes GOOD EQUIPMENT. 


the PUBLIC must be BETTER INFORMED on the importance of GOOD lighting equipment 


As an industry, and as individual business men, we fail in selling 
PLANNED LIGHTING 
EQUIPMENT at the same time. It is our obligation that we keep faith 


when we do not sell the importance of Goop 


with our customers by giving them the UNVARNISHED FACTS ubout the 
DIFFERENCE between Goop and INFERIOR of SUBSTANDARD FQUIPMENT 
in terms of the factors listed below 

The buyer is entitled to KNow these facts and to be TOLD 
and SHOWN that there are POSITIVE PROTECTIONS provided 
by the lighting industry, which assure him that the equip 
ment he buys is in the GOOD EQUIPMENT BRACKET the 
QUALITY BRACKET, Proof of Quality in lighting equipment 
is MADE EASY through such proof elements as 


CERTIFIED BALLAST LABEL 


RLM LABEL 


UNDERWRITERS’ LABORATORIES LABEL 


ELECTRICAL TESTING LABORATORY TESTS 


These provide the buyer not only with the assurance that MINIMUM 
STANDARDS for performance have been met, but also that UNIFORM 


QUALITY is continuously maintained from one piece of equipment 
to the other 


FREE Booklet _. 


booklet containing the detail of each specification tor cach type of 


The rim Standards Institute has published a 


lighting unit for which aim Standards have been estab 

: lished, as well as a complete summary of the IMPORTANCE 
OF THE LABEL om terms of CUSTOMER BENEFITS 

How the RtM Label provides assurance that the equip- 

ment is of uniformly high quality is shown through an 

outline of the RLM CONFORMANCE PROGRAM, Under this 

program, the Electrical Testing Laboratones make periodic 


tests of samples obtained from factory or market place to 


make sure that all equipment bearing the kim Label con 


sistently and continuously adheres to aLM Standards 


Make the RLM BOOKLET o part of every Planned LIGHTING 
PROPOSAL! 


PLIMENTARY COPY (or copies) of the RLM SPECIFICATION BOOKLET 


Write to the aim Standards Institute for your Com 


today. Plan to attach a copy to every PLANNED LIGHTING proposal you 
submit 


EQUIPMENT tS BASIC to GOOD PLANNED LIGHTING 


let it help you point out to your customers that 600D 


COMSTRUCTION: Good Lighting Equipment features structur- 
ally sound fabrication and heavy steels for maximum resistance 
to sag, distortion and breakage 


FINISH: Good Lighting Equipment features reflector finishes that 
insure your getting all the light you pay tor this year and ten 
years from now! That 1s why good equipment so overwhelmingly 
features PORCELAIN FNAMEL—the one and only commercially 
available finish that cannot determrate or « rrode, regardiess ot 
the industrial atmosphere. Additional advantages of Porcelain 
Enamel are (1) that it is the only finish whose org nal ethcrency 
1 vear after year by simply washing it with soap 
) that it is UNSURPASSED as a reflecting surtace 
because it od y combines a high reflection factor with a high 
diffusion factor, insuring high light 


of glare. 


can be sustain 


and water, af 


output with 2 minimum 


REFLECTOR DESIGH: 
Good Lighting Equipment 
lighting 
through reflector design 


insures good 


the PUBLIC is entitled to KNOW these FACTS about GOOD LIGHTING EQUIPMENT 


This Advertisement is published in the Interest of 
the Entire Lighting Industry by 


that conforms to the most accepted principles of Hluminating 
Engineering. Such design protects the workers eyes while deliv 
ering, not only the mow ight per dollar, but also the required 


quality of light for the individual Seeing Task 


SOCKETS, STARTERS, LAMPHOLDERS: Good Lighting Equip 
ment features ruggedly constructed parts that withstand years of 
mbody special design which facilitates quick, money 
ost operation 


use and 


saving maintenance and low « 


BALLASTS: Good Lighting Equipment insures you against trouble 
by employing only the highest quality certited ballasts. Ballasts 


last longer because sound electrical and mechanical design pre 
ballast operations, Lamps last longer 

because certihed ballasts supply prop 
irrent and maintain proper 


operating watts to the 


vents high temperature 
er Starting « 

lamp. Present wiring ca 
pacity is used most eth 
ciently by the high power 
factor of quality ballasts 
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This Above All-— 


SYLVANIA “‘FLEX!-MODULE” 


In the beautiful, new 
Herpolsheimer Store 
Grand Rapids, Michigan 


A soft daylight effect of approximately 75 foot-candies covers the entire soles creo of 
the Herpolsheimer Store Note how the unobtrusive “Flexi-Module” Ceiling appears 
smooth and uniform in texture 


Miracles in lighting economy as well as efficiency are coming to 
pass with the Sylvania “Flexi-Module™ System. 

This modern system now opens new vistas in lighting design and 
beauty. It also results in lower building costs, lower maintenance 
costs... and greater flexibility than conventional lighting systems. 


Reasons for low cost 


You save building costs with the “Flexi-Module™ system because 
there's no need for expensive, buried-in-concrete construction. All 
air-conditioning ducts, utility cables and pipes are hidden between 
the subceiling formed by the louvers and the original ceiling. 
Maintenance costs are low because the non-static aluminum grids 
prevent dust collection. In addition, the panels are coated with a 
special finish that does not finger mark and has an extremely low 
specularity . . . eliminates the need for repainting. 

Furthermore, the extreme flexibility of this modern lighting sys- 
tem enables you to introduce interesting color patterns. And, t 
patterns can be changed from time to time . . . without the heavy 
expense of structural alterations. 

Let us tell you more about the great possibilities that “Flexi- 
Module” lighting offers you and your customers. For complete 
information on the Sylvania “Flexi-Module” Lighting System, 
write Advertising Dept. L-2904, 500 Fifth Ave., New York 18, N. Y. 


1. Sylvania Fluorescent Fixtures 
are first mounted on the original 
ceiling. Easily relocated. Easily 
serviced. Each unit can be wired 
for individual control. 


2. Adjustable Monger Straps and 
“Star” suspension units interlock 
adjoining grid sections. All level- 
ing is done from below. 


3. Non-stetic Aluminum Grids 
need no dusting or painting. Easy 
to handle. Beautiful to see. 


MPS. FIXTURES SIGN TUBING. WIRING DEVICES. LIGHT BULAS RAD TELEVISION PICT TRONIC PROOY 


JUIPMENT PHOTOLAMPS TELEVISION Sf 
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